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1.  ABSTRACT 

1.1  Description  of  the  Project 

Three  alternative  20-Year  peat  raining  development  scenarios 
and  a  no  change  alternative  were  constructed  for  a  study  area 
consisting  of  Hyde,  Tyrrell  and  Washington  Counties,  North 
Carolina.  The  scenarios  included:  1)  currently  permitted  acreage 
mined  as  proposed  (as  of  summer,  1983)  (22,690  acres  permitted 
and  17,360  acres  mined  during  a  20-year  period);  2)  upper 
boundary  (84,000  acres  permitted  and  mined);  and  3)  industry 
failure  at  year  10  (22,960  acres  permitted  and  8,520  acres  mined 
by  year  10  )  . 

Probable  cumulative  environmental  and  economic  impacts 
associated  with  each  scenario  were  examined.  These  included 
impacts  on  agriculture;  forest  products;  fish;  wildlife; 
recreation;  surface  water  runoff;  nutrient,  trace  element, 
coliform  bacteria  and  pesticide  yields;  groundwater;  land  use 
conversion;  air  quality;  solid  waste;  occurrence  of  fire;  and 
local  economics. 

Critical  potential  impacts  of  peat  mining  and  related  land 
conversion  activities  were  identified  and  recommended  approaches 
to  address  these  impacts  were  outlined.  In  cases  where  impacts 
from  other  forms  of  land  conversion,  such  as  agriculture  and 
forestry,  were  believed  to  be  similar  to  impacts  of  peat  mining, 
the  recommended  approach  was  broadened  to  address  impacts  of 
land  conversion  in  general. 

1.2  Critical  Impacts  and  Recommended  Approaches 

1.2.1  Estuarine  Impacts 

Large-scale  conversion  of  peatlands  to  agriculture, 
forestry  and  peat  mining  on  the  Albemarle-Pamlico  Peninsula  will 
alter  primary  nursery  areas  in  peripheral  estuarine  systems. 
Changes  in  salinity  regimes;  surface  water  runoff  rates; 
nutrient  loading;  suspended  solids;  sedimentation;  trace 
element,  pesticide  and  coliform  bacteria  levels;  and 
interactions  among  these  factors  are  believed  to  be  the  most 
significant  potential  estuarine  impacts  from  land  conversion. 

The  recommended  approach  includes  the  initiation  of  an 
integrated,  mul t idiscipl inary  effort  toward:  1)  identifying  the 
most  significant  gaps  in  data  relating  to  the  estuarine  impacts 
described  above  and  2)  developing  a  predictive  numerical  model 
for  use  by  decision  makers  in  assessing  the  impacts  of  existing 
and  proposed  coastal  land  use  on  the  state's  estuarine 
resources.  Such  a  model  could  also  be  used  to  support  effluent 
limitations  to  meet  water  quality  standards  for  primary  nursery 
areas . 
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1. 2. 2  Wildlife 

A  wildlife  habitat  simulation  was  used  to  analyze  the 
consequences  of  large-scale  peat  mining  on  the  Albemarle-Pamlico 
Peninsula.  A  significant  proportion  of  the  currently  existing 
black  bear  and  bobcat  habitat  will  be  lost  if  extensive  mining 
takes  place. 

Field  validation  of  habitat  suitability  indices  for 
important  species  used  in  the  simulation  is  needed.  In  addition, 
linking  of  the  spatial  and  temporal  aspects  of  the  wildlife 
habitat  simulation  model  is  necessary  to  enable  land  managers  to 
evaluate  the  impacts  of  alternative  land  use  decisions  on 
wildlife. 


1.2.3  Upland  Water  Management 

Extensive  peat  mining  may  increase  annual  runoff  from  the 
mined  areas  by  up  to  30%  above  the  pre-mining  flow.  As  the  mined 
areas  are  reclaimed  to  agriculture  and  forestry,  annual  flows 
will  decrease  or  increase  slightly  from  the  pre-mining  flow, 
depending  on  the  crops  planted. 

Impacts  of  drainage  systems  and  seasonal  pumping  on  the 
location  of  the  fresh/saltwater  interface  in  estuarine  areas  are 
not  known  . 

The  cumulative  impacts  of  groundwater  withdrawals  for  peat 
processing  and  drainage  from  mining  sites  are  not  well 
understood.  However,  the  potential  exists  for  saltwater 
intrusion  into  areas  where  peat  is  mined  close  to  and  below  sea 
level . 

Further  research  is  needed  in  the  following  areas: 
hydrology  of  undisturbed  peatlands;  nutrient  transformation  in 
canal  and  river  networks;  field  measurement  techniques  and 
modeling  of  surface  runoff  from  actively  mined  sites;  long-term 
effectiveness  of  wetland  buffers  for  filtration  of  nutrients, 
trace  elements  and  sediments  and  for  control  of  freshwater  flow 
rates;  effectiveness  of  storage  lakes  in  reducing  negative 
estuarine  impacts  of  land  drainage;  and  effects  of  peat  mining 
on  groundwater  supplies,  including  the  location  of  the 
fresh/saltwater  interface. 

The  data  from  the  research  listed  above  will  provide  input 
to  an  existing  hydrological  model  estimating  the  effects  of 
alternative  upland  water  management  strategies  on  surface 
runoff.  The  output  from  this  model  could  provide  input  to  an 
estuarine  model. 


1.2.4  Hurricane  Flooding 

Approximately  one-half  to  two-thirds  of  the  Albemarle- 
Pamlico  Peninsula  is  subject  to  flood  inundation  caused  by  wind 
tides  having  a  1%  chance  of  being  equalled  or  exceeded  in  any 
one  year . 

Hurricane  tides  may  push  saline  water  from  the  sounds  up 
rivers  and  canals  into  low  lying  areas  created  by  peat  mining, 
damaging  areas  reclaimed  to  agriculture  and  forestry.  In 
addition,  the  effects  of  hurricane  flooding  on  shallow  aquifers 
under  such  conditions  is  not  known. 

Rain  associated  with  hurricanes  may  accumulate  in  low  lying 
areas  faster  than  the  capacity  of  pumps  to  remove  it.  Thus  the 
potential  also  exists  for  freshwater  damage  to  crop  and  forest 
land,  depending  on  the  duration  of  the  flooding. 

The  recommended  approach  is  to  develop  a  new  series  of  maps 
delineating  flood  susceptibility  based  on  land  elevations  that 
would  exist  if  substantial  peat  deposits  were  removed  from  the 
region.  Sediments  underlying  the  peat  deposits  should  be 
examined  to  determine  their  susceptibility  to  floodwater 
infiltration. 


1.2.5  Unique  Natural  Areas 

Large-scale  peat  mining  on  the  peninsula  will  be 
accompanied  by  a  loss  of  part  of  the  state's  largest  and  least 
disturbed  wetland  complex,  and  a  large  proportion  of  the  area 
underlain  by  peat  of  depths  greater  than  four  feet.  Some  of 
these  areas  contain  prime  Atlantic  white  cedar  habitat. 
Extensive  mining  will  remove  a  significant  proportion  of  these 
unique  areas  and  the  biota  they  support. 

An  attempt  should  be  made  to  determine  if  the  peninsula 
contains  other  areas  that  are  unique  in  biological, 
hydrological ,  geological,  pedological,  chemical  or  other  natural 
aspects  and  worthy  of  consideration  for  preservation  or 
protection . 

1.2.6  Air  Quality 

The  cumulative  effects  of  multiple  source  air  pollutants 
(from  peat  harvesting  and  multiple  stacks)  from  large-scale  peat 
mining  and  processing  on  the  peninsula  are  not  known  and  should 
be  monitored  and  modeled  to  assess  potentially  negative  impacts. 

In  addition,  refinement  of  emissions  estimates  is  needed  to 
determine  whether  fugitive  dust  emissions  during  peat  mining  and 
transport  and  storage  of  peat  will  have  significant  negative 
impacts  if  extensive  mining  occurs. 


1.2.7  Solid  Waste 

The  capacity  of  potential  disposal  sites  on  the  Albemarle- 
Pamlico  Peninsula  to  handle  the  volume  of  non-hazardous  waste 
that  would  be  created  by  extensive  processing  of  peat  on  the 
peninsula  is  uncertain.  Additional  research  on  site  selection 
and  evaluation  for  solid  waste  disposal  is  needed. 

Impacts  of  onsite  use  of  some  of  this  waste,  for  example, 
on  roadbeds  or  for  agricultural  land  treatment,  are  not  well 
documented.  Further  characterization  of  the  properties  of 
leachates  of  peat  combustion  ashes  is  needed  to  adequately 
evaluate  the  impacts  of  such  practices. 


1.2.8  Local  Economics 

Fiscal  problems  may  arise  when  new  residents  (migrating  to 
the  area  to  work  in  peat  mining  operations)  locate  outside  the 
political  boundaries  of  local  governments  having  the  power  to 
tax  peat  mining  facilites.  Distributional  aspects  of  tax 
revenues  and  public  services  required  may  create  deficits  in 
some  cities  and  counties  and  surpluses  in  others.  Short-term 
fiscal  problems  may  also  arise  where  generated  revenues  lag 
costs. 

The   development   of  two  simulation  models  is  recommended: 
1)   a   model   to   address   the   impact   of   potential  peat  mining 
facilities   on   tax   rates  and  revenues  and  2)  a  model  to  examine 
the   overall   fiscal   impacts   of   peat  mining  on  state  and  local 
government . 

In  addition,  the  economic  consequences  of  large-scale  peat 
mining  and  other  land  conversion  activities  in  coastal  areas  on 
the  recreation,  tourism  and  commercial  and  sport  fishery  sectors 
should  be  examined. 
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2.  INTRODUCTION 

2,1  Origin  and  Background  of  the  Study 

The  Albemarle-Pamlico  Peninsula  of  North  Carolina  lies  in  a 
region  characterized  by  low  surface  elevations,  a  water  table 
that  lies  close  to  the  surface  and  extensive  wetlands  (Heath, 
1975).  The  peninsula  contains  about  582  square  miles  (373,000 
acres)  of  peat  deposits  that  occur  in  shallow  depressions  to  a 
depth  of  10  feet  and  in  narrow  former  stream  channels  to  a  depth 
of  16  feet  (Ingram  and  Otte,  1982). 

During  the  past  10  to  20  years,  increasing  concerns  in  the 
United  States  relating  to  energy  sources  and  availability  have 
led  to  heightened  interest  in  the  potential  of  peat  as  a  fuel. 
North  Carolina  peat  is  characterized  by  low  ash  and  sulfur 
contents  (usually  less  than  10%  and  0.5%,  respectively)  and  a 
high  heating  value  (median  heating  value:  10,200  Btu/lb)  (Ingram 
and  Otte,  1981).  Its  quality  is  thus  high  as  a  fuel  for  direct 
combustion.  The  low  bulk  density  of  peat,  however,  renders  the 
economic  feasibility  of  transporting  it  any  significant  distance 
questionable.  Other  potential  uses  of  peat  include  chemical 
feedstock  for  the  production  of  methanol,  benzene,  peat  coke, 
activated  carbon,  synthetic  gas  and  gasoline,  tars  and  phenols; 
absorbent;  and  insulating  material  (Ingram  and  Otte,  1981). 

In  response  to  growing  interest  in  peat  mining,  the  North 
Carolina  Department  of  Natural  Resources  and  Community 
Development  (NRCD)  organized  a  task  force  in  December  1980  to 
review  the  status  of  peat  mining  activities  in  the  state, 
evaluate  the  adequacy  of  state  government's  management  of  this 
activity,  and  recommend  actions  to  be  taken  by  NRCD. 

Four  peat  mining  permits  had  been  issued  for  areas  located 
on  the  Albemarle-Pamlico  Peninsula,  as  of  April,  1984.  These 
permits  cover  22,960  acres  in  Hyde,  Tyrrell  and  Washington 
Counties.  Mining  for  horticultural  peat  is  already  occurring  on 
a  small  scale  and  a  300-acre  experimental  mine  has  been  operated 
since  1978  to  test  mining  equipment  and  methods. 

After  studying  the  legal  and  regulatory  aspects  of  peat 
mining,  the  Peat  Mining  Task  Force  (1983)  concluded  that  the 
state  has  an  adequate  framework  for  the  management  of  peat 
mining  through  provisions  of  the  Mining  Act  of  1971  and  permits 
for  water  use,  wastewater  discharge,  air  quality  management  and 
coastal  development.  However,  in  its  analysis,  the  Task  Force 
cited  the  urgent  need  for  additional  research  and  policy 
development  on  the  long-term  cumulative  effects  of  peat  mining 
and  related  land  conversion  operations  as  those  activities 
become  widespread  in  the  coastal  region.  The  cumulative  impacts 
of  multiple  mining  and  related  developments  are  believed  likely 
to  extend  beyond  the  scope  of  regulatory  permits  applied  to 
individual  establishments.  In  response  to  the  issues  raised  by 
the  task  force,  the  Cumulative  Impacts  of  Peat  Mining  Project 
was  initiated  in  June,  1984. 


This  study  is  part  of  an  ongoing  effort  by  the  North 
Carolina  Department  of  Natural  Resources  and  Community 
Development,  federal  agencies  concerned  with  natural  resource 
management,  such  as  EPA,  the  U.S.  Army  Corps  of  Engineers  and 
the  U.S.  Fish  and  Wildlife  Service,  scientists  and  industry  to 
identify  significant  negative  impacts  of  land  conversion  in 
coastal  areas  and  to  develop  means  for  avoiding  or  mitigating 
such  impacts.  For  example,  the  Governor's  Coastal  Water 
Management  Task  Force  was  established  in  1981  to  assess  and  seek 
resolutions  to  conflicts  between  the  interests  of  those  involved 
with  agriculture  and  forestry,  in  clearing  and  draining  coastal 
land,  and  the  interests  of  those  concerned  with  fisheries  and 
wildlife,  in  maintaining  productive  saline  nursery  areas  and 
wildlife  habitat.  The  task  force  has  made  a  number  of 
recommendations  to  the  Governor  toward  this  goal  (1982,  1984), 
some  of  which  have  already  been  implemented.  The  impacts  of 
large-scale  coastal  land  conversion  to  agriculture  have  been 
further  explored  in  a  draft  environmental  impact  statement 
prepared  by  the  U.S.  Army  Corps  of  Engineers,  Wilmington 
District  (1982),  in  response  to  an  application  by  Prulean  Farms, 
Inc.  for  a  Section  404  permit  to  place  excavated  materials  in 
wetlands  as  part  of  a  project  to  clear  and  drain  areas  for 
agricultural  operations  in  Dare  County. 


2.2  Funding  and  Organization  of  the  Study 

The  Cumulative  Impacts  of  Peat  Mining  Project  was  financed 
through  a  Coastal  Energy  Impact  Program  grant  provided  by  the 
North  Carolina  Coastal  Management  Program,  through  funds 
provided  by  the  Coastal  Zone  Management  Act  of  1972,  as  amended, 
which  is  administered  by  the  Office  of  Coastal  Management, 
National  Oceanic  and  Atmospheric  Administration.  The  project  was 
administered  by  the  Water  Resources  Research  Institute  of  The 
University  of  North  Carolina.  Project  Coordinator  Dr.  David 
Adams  of  the  Department  of  Forestry,  North  Carolina  State 
University,  directed  the  efforts  of  a  research  team  consisting 
of  faculty  and  staff  members  from  North  Carolina  State 
University,  the  University  of  North  Carolina  at  Chapel  Hill, 
East  Carolina  University  and  Duke  University  (see  section  8). 

2.3  Tasks 

The  one-year  project  was  charged  with  four  tasks: 

1.  Construct  alternative  20-year  peat  mining  development 
scenarios  (Alternative  Scenarios). 

2.  Identify  and  assess  the  probable  environmental  and  economic 
impacts  associated  with  the  alternative  peat  mining 
development  scenarios  (Environmental  Assessment) . 


3.  Identify  critical  impacts  that  should  be  addressed  in  an 
evaluation  plan  (Scoping  Process)  . 

4.  Design  a  real  time  evaluation  process  to  address  the 
critical  cumulative  impacts  identified  in  the  scoping 
process,  reviewing  existing  monitoring  programs  and 
identifying  specific  needs  for  further  research 
(Evaluation  Process)  . 


2. 4  Study  Area 

The  primary  study  area  for  Tasks  1  and  2  (see  sections  5 
and  6)  of  the  project  encompassed  Washington,  Tyrrell  and  Hyde 
Counties  (Figure  2A);  however,  when  cumulative  impacts  were 
believed  to  affect  an  area  larger  than  these  three  counties,  the 
study  area  was  enlarged.  For  Tasks  3  and  4  (see  section  7),  the 
study  area  was  expanded  to  include  Dare  County  and  the  scope  of 
the  study  was  expanded  to  include  other  forms  of  land 
conversion,  when  effects  of  other  land  conversion  activities 
(e.g.,  large-scale  agriculture  and  silviculture)  were  believed 
to  be  similar  to  impacts  of  peat  raining. 

2.5  Scope  and  Limitations  of  the  Study 

In  assessing  the  cumulative  impacts  of  each  scenario,  the 
project's  research  team  members  have  made  and  stated  additional 
reasonable  assumptions  as  necessary  to  conduct  their  analyses. 
In  some  cases  the  assumptions  made  by  team  members  have  not  been 
identical.  Attempts  have  been  made  to  ensure  that  assumptions 
made  are  not  contradictory;  however,  because  of  the  extremely 
short  time  frame  of  the  project,  it  was  not  possible  to  revise 
analyses  to  render  all  assumptions  identical. 

Analyses  performed  and  conclusions  reached  in  the 
environmental  assessment  (section  6)  are  admittedly  based  on 
insufficient  data  and  inadequate  models.  The  team  elected  to 
proceed  as  far  as  possible  within  project  constraints, 
acknowledging  that  much  of  their  work  would  be  subject  to 
professional  criticism  but  believing  that  state-of-the-art 
analyses  with  existing  data  bases,  yielding  concrete  results, 
were  preferable  to  generalizations,  rationalizations  and  delays. 
Thus  the  conclusions  discussed  here  should  be  viewed  as 
preliminary  best  estimates.  Hopefully,  the  weaknesses  in  data 
and  methodology  exposed  in  this  work  will  lead  to  improvements 
in  the  environmental  assessment  process  and  to  a  better 
understanding  of  the  biophysical  and  socioeconomic  processes 
operative  in  the  project  area. 


2.6  Abbreviations 

Abbreviations   used   in   this   report  are  listed  in  Appendix 
10.10. 


2.7  Use  of  the  Term  "Wetlands" 


Except  where  otherwise  noted,  the  term  "wetlands"  is  used 
in  this  report  in  a  general  ecological  sense,  and  does  not  imply- 
any  particular  regulatory  meaning. 
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3.  SUMMARY 

3.1  Affected  Environment 

3.1.1  Biophysical  Environment 

The  Albemarle-Pamlico  Peninsula  is  a  low  lying,  tidewater 
region  bordered  by  two  sounds,  Albemarle  and  Pamlico,  and  an 
estuarine  river,  the  Pamlico  (see  Figure  2A) .  The  area  is 
characterized  by  poorly  integrated  coastal  streams,  deep  organic 
soils,  extensive  swamps,  marshes  and  evergreen  wetlands,  and  a 
low  astronomical  tidal  range. 

Drainage  projects  aimed  at  lowering  the  water  table  and 
removing  surface  water  in  peatlands  on  the  peninsula  have  been 
undertaken  to  enhance  agricultural  and  lumbering  operations 
since  the  late  1700s.  The  historical  development  of  drainage 
systems  in  the  area  has  been  documented  by  Heath  (1975),  Lilly 
(1981),  Richardson  (1981,  1983)  and  McMullan  (1984).  Drainage 
patterns  have  thus  been  altered  over  the  years  by  a  widespread 
system  of  canals,  ditches  and  associated  roads. 

Approximately  20%  of  the  land  area  on  the  peninsula  was 
cultivated  in  1978-79.  Forests  cover  roughly  70%  of  the  area. 
Most  forested  areas  occur  on  deep  organic  soils. 
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peninsula   contains   approximately   582   square   miles 
cres)   of   peat   deposits  ranging  in  depth  to  16  feet, 
of   these   peat   resources  has  been  estimated  at  278 
y)  tons. 


The  Albemarle-Pamlico  Peninsula  is  considered  one  of  the 
most  productive  areas  in  the  state  in  terms  of  the  richness  of 
its  wildlife  resources.  Four  National  Wildlife  Refuges,  a  state 
park  and  a  state  gameland  are  located  on  the  peninsula. 

Pamlico  Sound  and  its  tributaries  constitute  the  most 
productive  fisheries  resource  in  North  Carolina. 

The  air  quality  on  the  peninsula  meets  or  exceeds  that 
required  by  national  air  quality  standards,  and  the  peninsula 
has  been  designated  a  Prevention  of  Significant  Deterioration 
(PSD)  area. 


3.1.2  Socioeconomic  Environment 

The  Albemarle-Pamlico  Peninsula  is  sparsely  populated  and 
has  few  cities  and  towns.  The  regional  growth  rate  is  5.1%, 
one-third  of  the  state  growth  rate  for  1970-80. 


Agriculture,    forestry    and    fishing   have   traditionally 

dominated   economic  activity  on  the  peninsula;  however,  in  recent 

years   the   composition   of  the   labor   force  has  shifted  toward 

employment  in  the  industrial  and  service  sectors. 

Median  family  income  for  Hyde,  Tyrrell  and  Washington 
Counties  in  1970  ranged  from  $4,000  to  $7,000  per  year.  In  1970, 
24-38%  of  the  families  in  the  three  counties  fell  below  the 
poverty  line. 

Commercial  fishing  in  the  three  counties  produced  fish  and 
shellfish  worth  $4.5  million  in  1980,  while  agricultural 
products  were  estimated  at  $42.3  million.  Forestry  output  in 
1982  was  approximately  $3.9  million. 

Highway  access  in  the  region  is  good  east-west  and  limited 
north-south.  Water  access  is  good  via  the  sounds  and  the 
Intracoastal  Waterway  (IWW),  which  bisects  the  peninsula.  Rail 
access  is  available  only  at  the  western  end  of  the  region.  No 
petroleum  product  pipelines  exist  in  the  area,  and  Dare  and 
Tyrrell  Counties  have  no  natural  gas  service. 


3.1.3  Legal- insti tutional  Environment 

The  major  state  regulatory  tool  for  the  control  of 
environmental  impacts  of  peat  mining  is  the  Mining  Act  of  1971. 
Other  state  laws  mandating  regulation  and  permitting  of  certain 
aspects  of  peat  mining  include  the  Water  Use  Act  of  1967 
(groundwater  withdrawals  in  excess  of  100,000  gallons  per  day  in 
a  designated  capacity  use  area)  and  the  Coastal  Area  Management 
Act  of  1971  (development  in  designated  Areas  of  Environmental 
Concern) . 

The  scope  of  federal  jurisdiction  over  peat  mining 
activities  is  established  by  the  Clean  Water  Act  (NPDES 
permitting  of  wastewater  discharges,  which  is  administered  by 
the  state,  and  Section  404  dredge  and  fill  permitting 
administered  by  the  U.S.  Army  Corps  of  Engineers),  the  Clean  Air 
Act,  the  National  Environmental  Policy  Act,  and  the  Endangered 
Species  Act. 

Possible   county   responses   to   peat  mining   include  local 

environmental   impact  statements,  adoption  of  land  use  ordinances 

requiring    county    mining   permits,   and  severance   taxes   (if 
authorized  by  state  enabling  legislation). 


3.2  Alternatives 

3. 2. 1  No  Change 

The  no  change  alternative  assumes  that  no  peat  mining 
occurs  on  the  permitted  area  and  that  the  area  is  not  developed 
further  for  any  other  use  during  the  20-year  period  of  study. 

3.2.2  Scenario  #1:  Currently  Permitted  Acreage 

Scenario  #1  is  based  as  much  as  possible  on  the  plans  of 
peat  mining  permit  holders  or  companies  that  have  submitted  peat 
mining  applications  for  land  located  in  the  study  area.  When  no 
specific  plans  were  available  for  a  particular  aspect  of  the 
scenario,  "reasonable"  assumptions  were  made. 

In  this  scenario,  22,690  acres  are  permitted  for  peat 
mining  and  17,360  acres  are  actually  mined  in  two  areas  over  a 
period  of  20  years  (see  Figures  5A  and  5B) .  By  year  20,  12,480 
acres  have  been  reclaimed,  primarily  to  row  crop  agriculture 
requiring  pumping  (to  maintain  acceptable  canal  water  levels)  . 
Ten  percent  of  the  reclaimed  land  has  been  re-established  to 
native  vegetation  and  10%  has  been  reclaimed  to  low  intensity 
managed  forests  (pine  plantations)  . 

Minimum  elevations  of  mined  areas  range  from  1  to  12  feet 
above  mean  sea  level,  depending  on  original  surface  elevation 
and  depth  of  the  peat  deposit. 

Annual  volume  of  peat  mined  in  Scenario  #1  (Areas  1  and  2) 
averages  665,000  dry  tons,  or  1.1  million  tons  at  40%  moisture. 
Seventy-five  percent  of  this  peat  is  converted  to  methanol,  21% 
is  exported  as  peat  for  industrial  use  (as  fuel),  and  4%  is 
exported  as  horticultural  peat. 


3.2.3  Scenario  #2:  Upper  Boundary       • 

Scenario  #2  assumes  that  most  peat  deposits  greater  than  or 
equal  to  four  feet  in  depth  in  the  study  area  are  mined  during 
the  20-year  period  (see  Figures  5F  and  5G) .  Exceptions  are 
deposits  within  one-half  mile  of  open  water. 

Four  mining  areas  are  outlined  based  on  drainage 
characteristics  and  geographical  location.  Areas  1  and  2  of  this 
scenario  are  expansions  of  Areas  1  and  2  in  Scenario  #1.  Areas  3 
and  4  of  Scenario  #2  are  areas  for  which  no  mining  permit 
applications  have  been  submitted  to  date,  but  in  which 
substantial  peat  deposits  are  located. 

Scenario  #2  is  based  entirely  on  assumption  and  does  not 
represent  the  stated  plans  of  any  peat  mining  industry  or 
landowner  in  the  study  area. 


By  year  20,  84,000  acres  have  been  mined  and  68,600  acres 
reclaimed,  primarily  to  row  crop  agriculture  requiring  pumping 
and  to  open  water.  At  least  10%  of  each  area  has  been  reclaimed 
to  native  vegetation  and  at  least  10%  to  low  intensity  managed 
forest  (pine  plantations) , 

Minimum  elevations  of  mined  areas  range  from  4  feet  above 
to  9  feet  below  mean  sea  level,  depending  on  surface  elevation 
and  depth  of  the  peat  deposit. 

Annual  volume  of  peat  mined  in  all  four  areas  of  Scenario 
#2  averages  approximately  2.1  million  dry  tons  (3.5  million  tons 
at  40%  moisture)  at  year  10  and  6.6  million  dry  tons  (11  million 
tons  at  40%  moisture)  at  year  20.  By  year  20,  63%  of  the  peat 
mined  is  being  converted  to  methanol,  35%  is  exported  as  peat 
for  industrial  use  (as  fuel),  and  2%  is  exported  as 
horticultural  peat. 

3.2.4  Scenario  #3:  Industry  Failure 

Scenario  #3  is  based  on  Scenario  #1,  with  assumptions  for 
years  1  through  10  identical  in  the  two  scenarios  (see  Figures 
5B  and  5H).  In  the  third  scenario,  however,  the  peat  mining 
industry  fails  at  year  10.  Acreage  mined  through  year  8  is 
reclaimed  according  to  schedule,  but  acreage  mined  in  the  last  2 
years  is  abandoned.  All  pumping  ceases  at  year  10,  and  by  year 
20,  all  mined  and  reclaimed  acreage  has  flooded. 

The  course  of  events  outlined  in  Scenario  #3  between  years 
11  and  20  is  based  entirely  on  assumption. 

3.3  Primary  Environmental  Impacts  of  the  Alternatives 

3.3.1  Amount  of  Runoff 

In   all   scenarios,  runoff   from   a  2,000-acre  mining  block 

will   increase  from  1,046  million  gallons  per  year  (mgy)  to  1,336 

mgy   during   mining,   and  then   decrease  to   808   mgy   on  lands 
reclaimed  to  agriculture. 

In  Scenario  #3,  between  years  11  and  20,  drainage  ditches 
will  become  clogged  with  sediment  and  debris.  All  mined  acreage 
will  gradually  become  flooded,  remaining  open  water  or  becoming 
swamp.  Total  annual  runoff  for  both  areas  (Scenario  #3)  by  year 
20  will  be  roughly  equivalent  to  rainfall  minus  lake 
evaporation.  When  the  water  level  of  the  lakes  becomes  high 
enough,  the  runoff  will  flow  overland  in  a  direction  determined 
by  the  slope  of  the  land. 


3.3.2  Wastewater  Discharges 

Wastewater  discharges  from  the  methanol  plant  (Area  1)  in 
Scenario  #1  will  average  870,000  gallons  per  day.  Discharges 
will  be  the  same  in  Scenario  #3,  but  will  cease  at  year  10. 

Average  daily  wastewater  discharges  from  methanol  plants  in 
Area  1  and  3  (Scenario  #2)  will  reach  3.1  to  4.1  million  gallons 
per  day  by  year  20. 

■  "'  i-, 

3.3.3  Groundwater 

For  all  scenarios,  in  areas  where  peat  is  removed, 
groundwater  levels  will  decline  by  the  depth  of  peat  mined. 
Re-establishment  of  vegetation  will  cause  the  groundwater  level 
to  drop  an  additional  foot.  In  Scenario  #3,  surficial 
groundwater  levels  will  return  to  pre-mining  conditions 
following  failure  of  the  industry  and  cessation  of  pumping. 

No  perceptible  change  in  recharge  to  the  Castle  Hayne 
Aquifer  will  occur  as  a  result  of  peat  mining  in  the  permitted 
areas  in  any  scenario. 

No  significant  lateral  movement  in  the  fresh/saltwater 
interface  in  the  aquifers  underlying  any  area  of  the  scenarios 
v\7ill  occur  as  a  result  of  mining  or  processing  operations. 

In  Scenario  #2,  Area  1,  localized  upconing  of  brackish 
water  may  occur  at  production  wells  if  groundwater  is  withdrawn 
from  the  Castle  Hayne  Aquifer.  In  Area  3,  localized  upconing  of 
brackish  water  may  occur  at  production  wells  if  groundwater  is 
pumped  from  the  Yorktown  or  Tertiary  Sand  Aquifer. 


3.3.4  Hurricane  Flooding 

Area  1  (all  scenarios)  is  not  susceptible  to  flood 
inundation  caused  by  wind  tides  having  a  1%  chance  of  being 
equalled  or  exceeded  in  any  one  year  (see  Figure  5D) . 
Approximately  50%  of  Area  2  (all  scenarios)  is  susceptible  to 
such  flooding  in  the  absence  of  protective  barriers. 

For  Areas  3  and  4  (Scenario  #2),  approximately  75%  and  100% 
of  the  land  area,  respectively,  is  susceptible  to  flood 
inundation  caused  by  wind  tides  having  a  1%  chance  of  being 
equalled  or  exceeded  in  any  one  year  (in  the  absence  of 
protective  barriers). 
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3.3.5  Air  Quality 

State  air  quality  standards  for  particulates  will  not  be 
exceeded  by  the  mining  or  processing  operations  in  any  of  the 
scenarios  if  adequate  buffer  strips  and  appropriate  spacing  of 
methanol  plants  (as  determined  by  computer  simulations)  are 
instituted  and  necessary  mitigative  measures  are  used. 

3.3.6  Solid  Waste 

In  Scenario  #1  (and  Scenario  #3  through  year  10), 
approximately  851,000  cubic  feet  per  year  of  non-hazardous  waste 
and  1,000  cubic  feet  per  year  of  hazardous  waste  will  be 
generated  in  Area  1.  Mining  operations  in  Area  2  will  not 
generate  any  significant  amount  of  waste  material. 

In  Scenario  #2,  approximately  7  million  cubic  feet  per  year 
of  non-hazardous  waste  and  8,200  cubic  feet  per  year  of 
hazardous  waste  will  be  generated  by  year  20  in  Areas  1  and  3. 
Mining  operations  in  Areas  2  and  4  will  not  generate  significant 
amounts  of  waste  material. 


3.4  Cumulative  Environmental  and  Economic  Impacts  of  the 
Alternatives 

3.4.1  Agriculture 

Net  annual  income  (minus  drainage  cost  and  based  on  the 
prices  stated  in  the  assumptions  in  section  6.1.1.1.1)  resulting 
from  reclamation  of  mined  lands  to  agriculture  in  both  areas  of 
Scenario  #1  is  estimated  at  $232,000  -  $677,000  at  year  20.  In 
all  four  areas  of  Scenario  #2,  net  annual  income  from  row  crop 
reclamation  of  rained  lands  is  estimated  at  $1.1  -  $3.3  million 
at  year  20.  For  both  areas  in  Scenario  #3,  increased 
agricultural  production  due  to  reclamation  will  produce  a  net 
annual  income  of  $36,000  -  $107,000  at  year  10,  after  which 
pumping  ceases  and  all  mined  lands  gradually  become  flooded. 

Cumulative  impacts  of  the  mining  projects  under  Scenarios 
#1  and  #2  will  be  a  net  gain  of  between  $2.9  and  $6.9  million  or 
$9.1  and  $22  million,  respectively,  to  the  local  agricultural 
economy  over  the  20-year  period.  Under  Scenario  #3,  the  local 
ag] 


and  #2  will  be  a  net  gain  of  between  $2.9  and  $6.9  millio 
.1  and  $22  million,  respectively,  to  the  local  agricult 
onomy  over  the  20-year  period.  Under  Scenario  #3,  the  1 
ricultural  economy  will  lose  between  $114,000  and  $278,000. 


3.4.2  Forest  Products 

The  peat  mining  and  reclamation  activities  outlined  in  the 
scenarios  will  have  no  significant  negative  economic  impact  on 
the  forestry  production  value  of  the  study  area.  However, 
removal  of  large  areas  of  deep  peats  will  result  in  the  loss  of 
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a   significant   proportion   of   the   state's  prime  Atlantic  white 
cedar  habitat. 


3.4. 3  Fish 

Impacts  on  the  fisheries  of  Area  1  (all  scenarios),  will  be 
related  to  reduction  of  stream  flows  during  much  of  the  year  in 
the  canals  and  low  order  streams  that  provide  fish  habitat  in 
this  area.  Accelerated  removal  of  waters  in  late  winter  and 
spring  may  limit  migration  and  spawning  of  some  species,  but  no 
significant  effects  on  anadromous  species  in  this  area  or  on  the 
fisheries  of  Lake  Phelps  or  Pungo  Lake  are  anticipated  unless 
greater  seepage  from  the  lakes  occurs  or  there  is  increased 
sedimentation  due  to  wind  blown  material.  Increased 
sedimentation  due  to  wind  blown  material  could  be  a  significant 
problem  to  Lake  Phelps  since  the  present  levels  of  suspended 
residue  in  this  lake  are  extremely  low. 

Impacts  in  Area  2  (all  scenarios)  will  be  similar  to  those 
in  Area  1.  Effects  on  Lake  Mattamuskeet  fisheries  will  be 
negligible.  However,  increased  freshwater  flows  to  the 
Intracoastal  Waterway  and  to  Pamlico  Sound  via  the  Pungo  River 
and  Albemarle  Sound  via  the  Alligator  River  in  periods  of  high 
flows  and  reduced  flows  and  seepage  during  low  flow  periods  may 
adversely  affect  estuarine  nursery  areas.  Increased  nutrients  in 
drainage  waters  and  siltation  due  to  high  volume  water  movements 
may  also  impact  nursery  areas. 

Impacts  on  fisheries  due  to  mining  and  reclamation 
activities  in  Areas  3  and  4  (Scenario  #2)  are  not  known. 

The  abandonment  of  mining  areas  in  Scenario  #3  will 
probably  result  in  the  development  of  fish  populations  similar 
to  those  of  Pungo  Lake,  depending  upon  size,  depth  and  quality 
of  the  water  bodies  created.  Abandoned  drainage  canals  may  be 
used  by  anadromous  and  catadromous  fish,  depending  on  flows  and 
the  extent  of  clogging  in  the  canals. 


3.4.4  Wildlife  sr. 

Of  the  ten  species  evaluated,  pine  warblers  and  hairy 
woodpeckers  will  sustain  the  greatest  overall  habitat 
degradation  (generally  50-60%)  under  conditions  created  by  the 
scenarios.  However,  both  species  are  relatively  common,  widely 
distributed  and  tolerant  of  human  activity.  Thus  no  population 
of  either  species  will  be  jeopardized. 

Black  bears  and  bobcats  will  sustain  proportionately  less 
loss  (generally  20-40%)  .  These  species  are  much  more  narrowly 
distributed,  and  the  bear  is  particularly  intolerant  of 
disturbance  and  human  activity. 


12 


The  marsh  rabbit,  widely  distributed  through  the  lower 
Coastal  Plain,  will  be  moderately,  though  variably,  impacted  by 
peat  mining  and  reclamation  activities  created  by  the 
alternative  scenarios. 

Whitetail  deer  and  the  great  horned  owl  will  be  only 
slightly  affected  by  mining  activity,  except  in  Area  4  of 
Scenario  #2,  where  residential  development  and  open  water 
reclamation  will  decrease  available  habitat. 

Species  benefitting  from  the  mining  and  reclamation 
activities  will  include  muskrat,  bobwhite  and  mourning  dove. 


3.4.5  Recreation 

Lost  recreational  hunting  value  over  the  20-year  mining 
period  due  to  land  conversion  in  Scenario  #1  is  estimated  at 
roughly  $513,000  (based  on  a  $5.00  value  per  hunting  trip  and 
assuming  that  croplands  are  not  accessible  to  hunters). 

For  Scenario  #2  (all  areas)  lost  recreational  hunting  value 
over  the  20-year  mining  period  is  estimated  at  approximately 
$2.6  million . 


3.4.6  Amount  of  Surface  Water  Runoff 


In  Area  2  (Scenario  #1)  the  initial  increase  in  total 
annual  flows  will  be  greater  than  for  Area  1  because  there  will 
be  no  storage  lake.  Once  the  maximum  disturbed  area  has  been 
reached,  total  flows  will  level  off  as  the  area  of  reclaimed 
land  slowly  increases.  Once  all  mined  acreage  has  been 
reclaimed,  the  average  flow  will  drop  to  close  to  or  below 
pre-mining  levels,  depending  on  crops  planted  and  drainage 
systems  installed. 

In  both  areas  of  Scenario  #1,  the  major  factor  controlling 
the  occurrence  of  floods  will  be  the  capacity  of  the  pumps 
removing  water  from  the  canal  system  to  the  lakes  (Area  1)  and 
the  Intracoastal  Waterway  (Area  2) .  If  water  can  not  be  pumped 
into  the  deep  storage  available  in  the  lake  (Area  1)  at  a  high 
enough  rate  during  high  rainfall  events,  the  canals  may  be 
breached,  causing  flooding.  However,  because  of  the  low  lying 
aspect  of  the  mi  led  land  in  relation  to  the  surrounding  terrain, 
the   flooding   involved   should  remain  localized  for  most  events. 
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The  lowered  elevations  due  to  mining  will  increase  the  capacity 
to  store  water  on  the  surface;  therefore,  the  occurrence  of 
downstream  flooding  should  be  reduced  from  the  pre-mining 
condition  for  all  scenarios  and  areas  except  for  Canal  B  in  Area 
1.  The  volume  of  flow  in  Canal  B  (draining  Area  1)  will  increase 
throughout  the  life  of  the  peat  mine  until  all  the  flow  from  the 
15,000-acre  area  is  routed  through  the  lake  to  Canal  B.  The 
increased  flow  in  the  canal  will  increase  the  risk  of  downstream 
flooding  as  the  storage  capacity  of  the  canal  is  reduced.  Canal 
B  will  have  to  be  considerably  deepened  and  maintained  to  ensure 
rapid  removal  of  water  and  to  lessen  the  risk  of  flooding. 

For  Scenario  #2,  all  areas,  annual  flow  during  the  20-year 
mining  period  will  be  less  than  30%  above  the  pre-mining  flow. 
With  the  exception  of  Area  1,  the  flows  will  increase  with 
increased  acreage  in  active  mining,  then  hold  relatively 
constant  until  the  mining  area  is  gradually  reclaimed  and  flows 
decline.  In  all  areas  the  flow  in  year  20  will  be  significantly 
reduced  from  the  during  mining  condition  and  should  be  close  to 
or  below  the  pre-mining  flow  levels  as  a  result  of  higher 
evapotranspiration  and  lower  flows  from  the  areas  reclaimed  to 
agriculture  and  forestry.  In  Area  1  (Scenario  #2)  annual  flows 
will  remain  closer  to  the  pre-mining  condition  because  of 
controlled  releases  through  and  evaporation  from  the  lake.  Storm 
peaks  will  be  substantially  reduced,  assuming  no  lake  or  canal 
over-topping . 

Residential  areas  in  Area  4  (Scenario  #2)  will  experience 
high  surface  runoff,  counterbalancing  the  flow-reducing  effect 
of  the  bodies  of  water  created  as  part  of  the  reclamation  plan 
and  resulting  in  annual  flows  similar  to  those  of  Areas  2  and  3. 

Annual  flows  for  Scenario  #3  will  be  the  same  as  Scenario 
#1  for  years  1  through  10.  Upon  cessation  of  pumping,  canal  dams 
will  be  broken  and  all  maintenance  of  canals  and  dikes  will  end, 
creating  a  swamp/lake  area  covering  all  mined  and  reclaimed 
areas  by  year  20.  The  volume  and  distribution  of  runoff  from 
these  areas  will  depend  upon  the  changing  nature  of  the  outlets, 
availability  of  water  storage  on  the  surface  of  mined  areas  and 
the  type  and  density  of  revegetation .  Assuming  that  the  water 
levels  remain  high  enough  to  satisfy  potential 
evapotranspiration  (PET)  at  all  times,  the  water  available  for 
runoff  will  be  approximately  equal  to  rainfall  minus  PET. 

3.4.7  Nutrient  Yields  and  Surface  Water  Eutrophication 

The  peat  mining,  methanol  production  and  agricultural 
reclamation  in  the  scenarios  may  have  an  adverse  impact  on  water 
quality.  The  natural  vegetation  yields  less  nitrogen  and 
phosphorus  per  unit  area  than  other  land  uses,  usually  by  a 
large  factor;  therefore  conversion  to  other  uses  will  result  in 
loss  of  nutrients  to  downstream  aquatic  systems.  The  lagoons  and 
lakes  into  which  runoff  and  effluents  run  or  are  pumped  will 
probably   become  unacceptably  eutrophic.  Unless  these  lagoons  and 
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buffer  wetland  systems  efficiently  remove  nutrients  from  the 
water  as  it  passes  through,  there  will  also  be  substantial 
nutrient  loading  of  the  Pungo  and  Alligator  Rivers  and 
consequent  eutrophication . 

3.4.8  Trace  Element,  Pesticide  and  Coliform  Bacteria  Yields 

Peat  mining  and  subsequent  reclamation  activities  as 
described  in  the  scenarios  are  likely  to  significantly  increase 
trace  metals,  pesticides  and  coliform  bacteria  in  runoff  from 
permitted  areas.  Impacts  of  such  increases  presently  are  not 
fully  known,  but,  should  they  occur,  are  likely  to  result  from 
the  cumulative  effects  of  a  variety  of  trace  metals,  pesticides, 
nutrients  and  other  substances. 


3.4.9  Groundwater 

The  alternative  scenarios  will  have  a  negligible  effect  on 
the  recharge  and  yield  of  the  major  aquifers  and  on  the 
fresh/saltwater  interface.  However,  the  effects  of  direct 
groundwater  withdrawals  for  plant  processing  and  the  cumulative 
effects  of  direct  withdrawals  and  peat  mining  are  not  known.  The 
potential  exists  for  saltwater  intrusion  into  areas  where  peat 
is  mined  close  to  and  below  sea  level. 


3.4.10  Land  Use  Conversions 

The  major  land  use  change  due  to  Scenario  #2  will  be  the 
loss  of  large  tracts  of  natural,  relatively  undisturbed 
wetlands.  Approximately  41%  (84,000  acres)  of  the  wetlands 
underlain  by  peat  at  least  four  feet  in  thickness  in  the  state 
will  be  lost  under  Scenario  #2.  The  mining  of  68,000  acres  of 
pocosins  (undisturbed  and  disturbed)  in  Scenario  #2  will 
constitute  a  loss  of  4.5%  of  the  total  remaining  pocosins  and 
7.8%  of  the  undisturbed  pocosins  in  North  Carolina.  Since  the 
wetland  system  of  the  Albemarle-Pamlico  Peninsula  constitutes 
the  state's  largest  and  least  disturbed  wetland  complex,  the 
elimination  of  84,000  acres  from  this  system  will  be  of 
signi  f icance  . 

Agricultural  land  will  increase  from  9.6%  to  28.2%  of  the 
total  acreage  in  Hyde,  Tyrrell  and  Washington  Counties  by  year 
20  under  Scenario  #2. 
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3.4.11  Air  Quality 

Fugitive  dust  emissions  during  peat  mining,  transport  and 
storage  will  probably  be  a  more  serious  concern  than  emissions 
from  methanol  plants  because  of  greater  particulate  emission 
rates,  the  occurrence  of  peat  harvesting  in  all  areas  (Scenario 
#2)  and  the  possibility  of  emissions  immediately  adjacent  to  the 
mining  area  boundary. 

The  cumulative  impacts  of  multiple  source  air  pollutants 
due  to  expansion  of  peat  mining  and  processing  operations  are 
unknown . 


3.4.12  Solid  Waste 

Leachates  from  gasification  ashes  and  slags  from  the 
methanol  plants  in  the  scenarios  are  not  likely  to  exceed  EPA 
toxicity  criteria,  due  to  the  relatively  low  concentrations  of 
most  heavy  metals  in  the  source  peat. 

The  high  temperature  and  oxidizing  environment  of  the 
gasification  stream  is  unlikely  to  produce  significant  amounts 
of  such  substances  as  tars,  oils,  phenolics  and  polynuclear 
aromatic  hydrocarbons  which  are  the  hazardous  by-products  of 
most  concern  in  many  synfuels  and  gasification  facilities. 

Large  volumes  of  solid  wastes  will  be  generated  during 
conversion  of  peat  to  methanol  in  Scenario  #2.  Capacity  of 
potential  disposal  sites  on  the  Albemarle-Pamlico  Peninsula  to 
handle  this  volume  is  uncertain.  Impacts  of  onsite  use  of  some 
of  this  waste  during  reclamation  to  agriculture  and  forestry  are 
not  known. 


3.4. 13  Fire 

The  frequency  of  small  fires  will  increase  if  large-scale 
peat  mining  (as  described  in  Scenario  #2)  occurs,  due  to 
increased  accessibility  of  the  mined  areas  to  human  activity. 
The  larger,  less  easily  controlled  fires  will  decrease  in 
number,  since  fewer  large  blocks  of  open,  undisturbed  land  will 
remain  after  mining. 

3.4.14  Local  Economics  and  Employment 

Peat  mining  and  processing  as  outlined  in  the  alternative 
scenarios  will  lead  to  increased  employment  of  local  workers, 
migration  of  new  workers  and  their  families  into  the  study  area, 
stimulation  of  local  businesses,  demand  for  new  businesses  and 
public  services,  such  as  education,  and  increased  employment  in 
the  service  sector. 
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Long-run  fiscal  problems  may  arise  in  cases  where  a  local 
government  must  provide  expanded  services  and  facilities  but  is 
unable  to  tax  the  new  facilities.  This  is  a  spillover  problem 
where  new  residents  locate  outside  the  political  boundaries  of 
the  local  governments  having  the  power  to  tax  the  facility. 
Distributional  aspects  of  tax  revenues  and  services  required  may 
create  deficits  in  some  cities  and  counties  and  surpluses  in 
others.  Even  if  long-run  benefits  exceed  costs,  short-run  fiscal 
problems  may  arise  where  revenues  generated  lag  cost  incidence. 

To  the  extent  that  peat  mining  adversely  affects  the 
commercial  fishing  and  recreation/tourism  industries,  the  value 
of  these  economic  sectors  will  decline. 

Assuming  the  smaller  peat-to-methanol  facility  described  in 
Scenario  #1  (Area  1)  attracts  the  labor  that  is  available 
locally,  additional  employment  required  for  expanded  methanol 
production  in  Scenario  #2  will  come  primarily  from  migration. 
Thus  the  migrant,  new  resident  and  new  student  impacts  will  be 
larger  both  absolutely  and  proportionately  under  Scenario  #2 
than  under  Scenario  #1,  and  fiscal  effects  noted  above  will  be 
magni  f ied . 

While  an  adequate  supply  of  public  services  and  facilities 
will  probably  be  available  to  meet  the  needs  of  migrants  under 
Scenario  #1,  it  is  unlikely  that  this  would  be  the  case  under 
Scenario  #2.  More  public  funds  would  be  required  to  meet  these 
increased  demands  for  services.  This  problem  will  be 
particularly  acute  if  construction  for  the  methanol  production 
facilities  in  Scenario  #2  is  not  staged. 

The  expansion  of  peat  mining  activity  from  the  level  of 
Scenario  #1  to  that  of  Scenario  #2  will  attract  other  related 
industries  and  enterprises  that  will  act  to  magnify  the  economic 
impacts  of  the  peat  mining  itself. 

Under  Scenario  #3,  following  the  failure  of  the  peat  mining 
industry,  unemployment  will  be  created  proportional  to  the 
increase  in  employment  generated  by  operation  of  the  peat  mining 
and  processing  facilities.  Income  will  be  lost  by  unemployed 
mine  workers  and  by  workers  and  businesses  serving  the  basic 
mining  industry.  Fixed  facilities  (housing,  businesses  and 
public  facilities)  will  become  unused  unless  other  economic 
activities  replace  demand  lost  with  the  mining  facilities. 

The  extent  of  the  fiscal  impacts  of  Scenario  #3  will  depend 
upon  the  extent  to  which  local  government  has  expanded  the 
services  it  provides.  Excess  capacity  and  high  costs  of 
government  may  result  if  service  construction  programs  were 
accelerated.  Other  services,  such  as  the  number  of  school 
teachers,  could  be  reduced,  but  this  would  lead  to  higher 
unemployment  and  related  costs. 

Since  man^^  services  of  local  government  can  not  be 
proportionately   adjusted   downward  once  provided,  and  since  many 
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are   funded   by  long-term  debt,  the  reduction  in  tax  revenue  will 

be   greater   than   the   reduction  in  costs  of  government.  If  this 

does   occur,   the   costs   of  operating  local  government  will  rise 

unless   offset   in   some   other   manner.  Property  taxes  will  rise 

accordingly.                                            :  .,, 

3.5  Summary  of  Critical  Cumulative  Environmental  and  Economic 
Impacts  and  Recommended  Approaches 

3.5.1  Estuarine  Impacts  •■ 

Large-scale  conversion  of  peatlands  to  agriculture, 
forestry  and  peat  mining  on  the  Albemarle-Pamlico  Peninsula  will 
alter  primary  nursery  areas  in  peripheral  estuarine  systems. 
Changes  in  salinity  regimes;  surface  water  runoff  rates; 
nutrient  loading;  suspended  solids;  sedimentation;  trace 
element,  pesticide  and  coliform  bacteria  levels;  and 
interactions  among  these  factors  are  believed  to  be  the  most 
significant  potential  estuarine  impacts  from  land  conversion. 

The  recommended  approach  includes  the  initiation  of  an 
integrated,  multidisciplinary  effort  toward  developing  a 
predictive  numerical  model  for  use  by  decision  makers  in 
assessing  the  impacts  of  existing  and  proposed  coastal  land  use 
on  the  state's  estuarine  resources.  Such  a  model  could  also  be 
used  to  set  effluent  limitations  to  meet  water  quality  standards 
for  primary  nursery  areas,  if  such  standards  were  to  be 
established  by  the  state  Environmental  Management  Commission. 

3.5.2  Wildlife 

A  wildlife  habitat  simulation  was  used  to  analyze  the 
consequences  of  large-scale  peat  mining  on  the  Albemarle-Pamlico 
Peninsula.  A  significant  proportion  of  the  currently  existing 
black  bear  and  bobcat  habitat  will  be  lost  if  extensive  mining 
takes  place. 

Field  validation  of  habitat  suitability  indices  for 
important  species  used  in  the  simulation  is  required.  In 
addition,  linking  of  the  spatial  and  temporal  aspects  of  the 
wildlife  habitat  simulation  model  is  necessary  to  enable  land 
managers  to  evaluate  the  impacts  of  alternative  land  use 
decisions  on  wildlife. 
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3.5.3  Upland  Water  Management 

Extensive  peat  mining  may  increase  annual  runoff  from  the 
mined  areas  by  up  to  30%  above  the  pre-mining  flow.  Annual  flows 
may  decrease  or  increase  slightly  from  the  pre-mining  flow, 
depending  on  the  crops,  as  the  mined  areas  are  reclaimed  to 
agriculture  and  forestry. 

Impacts  of  drainage  systems  and  seasonal  pumping  on  the 
location  of  the  fresh/saltwater  interface  in  estuarine  areas  are 
not  known. 

The  cumulative  impacts  of  groundwater  withdrawals  for  peat 
processing  and  drainage  from  mining  sites  are  not  well 
understood;  however,  the  potential  exists  for  saltwater 
intrusion  into  areas  where  peat  is  mined  close  to  and  below  sea 
level . 

Further  research  is  needed  in  the  following  areas: 
hydrology  of  undisturbed  peatlands;  nutrient  transformation  in 
canal  and  river  networks;  field  measurement  techniques  and 
modeling  of  surface  runoff  from  actively  mined  sites;  long-term 
effectiveness  of  wetland  buffers  for  filtration  of  nutrients, 
trace  elements  and  sediments  and  for  control  of  fresh  water  flow 
rate;  effectiveness  of  storage  lakes  in  reducing  negative 
estuarine  impacts  of  land  drainage;  and  effects  of  peat  mining 
on  groundwater  supplies  and  the  location  of  the  fresh/salt  water 
interface . 

Data  from  the  research  recommended  above  will  provide  input 
to  an  already  existing  hydrological  model,  thus  aiding  in  the 
estimation  of  the  effects  of  alternative  upland  water  management 
strategies  on  surface  runoff.  The  output  from  this  model  could 
provide  input  to  an  estuarine  model. 


3.5.4  Hurricane  Flooding 

Approximately      one-half  to     two-thirds     of     the 

Albemarle-Pamlico    Peninsula   is  subject   to   flood   inundation 

caused   by   wind   tides   having   a  1%  chance  of  being  equalled  or 
exceeded  in  any  one  year  . 

Hurricane  tides  may  push  saline  water  from  the  sounds  up 
rivers  and  canals  into  low  lying  areas  created  by  peat  mining, 
damaging  areas  reclaimed  to  agriculture  and  forestry.  In 
addition,  the  effects  of  hurricane  flooding  on  shallow  aquifers 
under  such  conditions  is  not  known. 

Rains  associated  with  hurricanes  may  accumulate  in  low 
lying  areas  faster  than  the  capacity  of  pumps  to  remove  it.  Thus 
the  potential  also  exists  for  freshwater  damage  to  crop  and 
forest  land,  depending  on  the  duration  of  the  flooding. 
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The  recommended  approach  is  to  develop  a  new  series  of  maps 
delineating  flood  susceptibility  based  on  land  elevations  that 
would  exist  if  substantial  peat  deposits  were  removed  from  the 
region.  Sediments  underlying  the  peat  deposits  should  be 
examined  to  determine  their  susceptibility  to  floodwater 
inf i Itration . 

3.5.5  Unique  Natural  Areas 

Large-scale  peat  mining  on  the  peninsula  will  be 
accompanied  by  a  loss  of  part  or  much  of  the  state's  largest  and 
least  disturbed  wetland  complex,  and  a  large  proportion  of  the 
area  underlain  by  peat  of  depths  greater  than  four  feet.  Some  of 
these  areas  contain  prime  Atlantic  white  cedar  habitat. 
Extensive  mining  will  remove  a  significant  proportion  of  these 
unique  areas  and  the  biota  they  support. 

A   systematic   attempt   should   be   made  to  determine  if  the 

peninsula    contains    areas    that   are   unique  in   biological, 

hydrological ,   geological,  pedological,  chemical  or  other  natural 

aspects    and    worthy    of   consideration   for  preservation   or 
protection. 

3.5.6  Air  Qual ity 

The  cumulative  effects  of  multiple  source  air  pollutants 
(from  peat  harvesting  and  multiple  stacks)  from  large-scale  peat 
mining  and  processing  on  the  peninsula  are  not  known  and  should 
be  monitored  and  modeled  to  assess  potentially  negative  impacts. 

In  addition,  refinement  of  emissions  estimates  is  needed  to 
determine  whether  fugitive  dust  emissions  during  peat  mining  and 
transport  and  storage  of  peat  will  have  significant  negative 
impacts  if  extensive  mining  occurs. 


3. 5.7  Solid  Waste 

The  capacity  of  potential  disposal  sites  on  the  Albemarle- 
Pamlico  Peninsula  to  handle  the  volume  of  non-hazardous  waste 
that  would  be  created  by  extensive  processing  of  peat  is 
uncertain.  Additional  research  on  site  selection  and  evaluation 
for  solid  waste  disposal  is  needed. 

Impacts   of   onsite   use  of  some  of  this  waste,  for  example, 

on   roadbeds   or   for   agricultural   land  treatment,  are  not  well 

documented,    and    may    pose   environmental   problems.  Further 

characterization    of    the    properties   of   leachates  of   peat 
combustion  ashes  is  needed. 
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3.5.8  Local  Economics 

Fiscal  problems  may  arise  when  new  residents  (migrating  to 
the  area  to  work  in  peat  mining  operations)  locate  outside  the 
political  boundaries  of  local  governments  having  the  power  to 
tax  peat  mining  facilites.  Distributional  aspects  of  tax 
revenues  and  public  services  required  may  create  deficits  in 
some  cities  and  counties  and  surpluses  in  others.  Short-term 
fiscal  problems  may  also  arise  where  generated  revenues  lag 
costs , 

The  development  of  two  simulation  models  is  recommended:  1) 
a  model  to  address  the  impact  of  potential  peat  mining 
facilities  on  tax  rates  and  revenues  and  2)  a  model  to  examine 
the  overall  fiscal  impacts  of  peat  mining  on  state  and  local 
government. 

3.6  Non-significant  Impacts 

Elements  examined  and  found  to  be  non-critical  included 
impacts  on  recreational  hunting,  agricultural  production,  forest 
products  (with  the  exception  of  Atlantic  white  cedar)  and 
occurrence  of  fire. 
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4.  AFFECTED  ENVIRONMENT 

The  environment  affected  by  the  alternative  peat  mining 
development  scenarios  (section  5)  extends  beyond  the  three 
counties  (Hyde,  Tyrrell  and  Washington)  in  which  development  was 
assumed  to  occur.  This  description  of  the  affected  environment, 
therefore,  addresses  the  entire  Albemarle-Pamlico  Peninsula, 
including  Beaufort  and  Dare  Counties,  and  the  sounds  (Albemarle 
and  Pamlico)  that  bound  it  on  the  north,  east  and  south. 
Groundwater  and  air  resources,  which  extend  beyond  the  original 
three  county  study  area,  are  also  discussed. 

4.1  Biophysical  Environment 

4.1.1  General  Setting 

The  Albemarle-Pamlico  Peninsula  is  a  low  lying,  tidewater 
region  bordered  by  Albemarle  Sound  to  the  north,  Pamlico  Sound 
and  the  Pamlico  River  Estuary  to  the  south,  Croatan  and  Pamlico 
Sounds  to  the  east  and  the  Suffolk  Scarp  to  the  west.  Elevations 
in  this  area  are  generally  less  than  20  feet  above  mean  sea 
level,  and  much  of  the  eastern  part  of  the  peninsula  is  less 
than  5  feet  in  elevation  (Heath,  1975).  The  area  is 
characterized  by  poorly  integrated  coastal  streams,  deep  organic 
soils,  extensive  swamps,  marshes  and  evergreen  wetlands,  and  a 
low  astronomical  tidal  range  (Lukin  and  Mauger,  1983). 

The  peninsula  covers  1,978  square  miles  (1,266,000  acres) 
(McMullan,  1984)  and  includes  the  largest  continuous  area  of 
wetlands  in  North  Carolina  (Heath,  1975).  Counties  located  on 
the  peninsula  include  all  of  Hyde,  Tyrrell  and  Washington 
Counties,  the  mainland  part  of  Dare  County,  and  part  of  Beaufort 
County. 

Approximately  37%  of  the  five  counties'  total  combined  land 
and  water  area  is  comprised  by  lakes,  rivers,  creeks  and  sounds. 
These  water  bodies,  and  their  intimate  intermingling  with  the 
land,  have  shaped  the  region's  geography  and  its  cultural  and 
economic  development.  The  most  critical  environments  in  the 
region  occur  at  the  margins  between  land  and  water:  estuarine 
marshes,  primary  nursery  areas,  shellfish  waters  and  swamp 
forests. 


4.1.2  Hydrology 

4.1.2.1  Streams 

Only  two  major  streams  on  the  peninsula  region  have  their 
sources  west  of  the  Coastal  Plain,  originating  in  the  Piedmont. 
The  Roanoke  River  empties  into  Albemarle  Sound  just  west  of 
Plymouth.  The  Tar  River,  which  becomes  the  Pamlico  River  at 
Washington,  empties  into  Pamlico  Sound.  Other  major  streams  in 
the   areas  are  the  Pungo,  Scuppernong  and  Alligator  Rivers.  These 
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are  short  coastal  plain  streams  that  become  estuaries  in  their 
lower  reaches.  Numerous  short,  slow  flowing  coastal  tributaries 
empty  into  these  rivers  (Lukin  and  Mauger ,  1983). 

Prior  to  the  construction  of  canals  in  the  area,  overland 
runoff  was  a  major  factor  in  the  water  budget.  Although 
long-term  streamflow  data  are  scarce,  overland  runoff  may  be 
estimated  as  the  difference  between  precipitation  and  other 
water  budget  items  (Heath,  1975): 

Outputs  Inputs 

Precipitation  51.0  inches 

Evapotranspiration         36.0  inches 
Groundwater  discharge       0.5  inches 


Subtotal  36.5  inches 

Overland  runoff  14.5  inches 

(estimation  by 
difference) 


Overflow   runoff   probably   moved  north  from  Lake  Phelps  to 

the   Scuppernong   River   and   from  Lake  Mattamuskeet  north  to  the 

Alligator   River   prior  to  construction  of  an  extensive  system  of 
canals  and  ditches  (see  Figure  4A)  . 


4.1.2.2  Lakes 

The  peninsula  is  the  site  of  several  lakes:  Lake  Phelps,  on 
the  Washington-Tyrrell  County  line;  Pungo  Lake,  on  the 
Washington-Hyde  County  line;  and  New  (Alligator)  Lake  and  Lake 
Mattamuskeet  in  Hyde  County  (see  Figure  2A) .  Lake  Mattamuskeet 
is  the  largest  of  these  with  a  surface  area  of  66.7  square  miles 
(Coastal  Zone  Resources  Corp.,  1976).  These  lakes  are  very 
shallow;  average  depths  range  from  2.5  to  5  feet.  Lake 
Mattamuskeet  and  Pungo  Lake  are  now  National  Wildlife  Refuges; 
Lake  Phelps  is  part  of  Pettigrew  State  Park  (Lukin  and  Mauger, 
1983). 

All  four  lakes  have  been  modified  by  drainage  systems  and 
the  levels  of  Phelps  and  Mattamuskeet  are  regulated.  The  lakes 
are  isolated  from  surface  inflow  and  receive  water  only  through 
rainfall.  They  accumulate  fine  organic  sediments  from  dust  blown 
in  from  the  surrounding  land  and  ash  from  occasional  forest  and 
ground  fires.  No  water  quality  problems  in  either  lake  have  been 
reported. 
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4.1.2.3  Sounds 

4.1.2.3.1  Albemarle  Sound 

Albemarle  Sound  covers  an  area  of  approximately  480  square 
miles  and  contains  some  233  billion  cubic  feet  of  water.  The 
sound  is  a  drowned  river  valley  estuary  with  an  average  depth  of 
less  than  18  feet  and  a  maximum  depth  of  30  feet.  The  central 
portion  of  the  sound  from  Edenton  to  the  Alligator  River 
contains  a  broad,  flat-bottomed  trough  with  depths  in  excess  of 
18  feet.  Seaward  of  the  Alligator  River,  the  depth  of  the  sound 
decreases.  Textures  of  bottom  sediments  grade  from  predominantly 
clays  in  the  trough  to  fine  sands  along  the  flanks  and  the  lower 
portion  of  the  sound  (Pels,  1967). 

Outflow  from  Albemarle  Sound  enters  Pamlico  Sound  through 
Croatan  and  Roanoke  Sounds,  where  it  discharges  into  the  ocean 
through  Oregon,  Hatteras  and  Ocracoke  Inlets.  The  range  of 
semidiurnal  astronomic  tides  throughout  Albemarle  Sound  is  less 
than  0.5  feet  due  to  the  remote  connection  of  the  sound  to  the 
ocean,  combined  with  freshwater  outflow.  The  periodic  tide  range 
is  somewhat  greater  in  estuarine  tributaries  due  to  funneling 
effects  of  decreasing  dimensions  in  an  upstream  direction  (Lukin 
and  Mauger ,  1983) . 

Short-terra,  wind-driven  currents  dominate  flow  and  water 
levels  in  Albemarle  Sound  and  the  adjoining  open  water  areas  of 
Croatan  and  Roanoke  Sounds.  The  seasonal  range  of  water  levels 
induced  by  wind-driven  currents  on  Albemarle  Sound  is  about  0.8 
feet  near  Edenton  at  the  mouth  of  the  Chowan  River  (Daniel, 
1977).  Wind-induced  current  velocities  ranging  from  0.5  knots  to 
1.6  knots  in  Croatan  and  Roanoke  Sounds  have  been  measured 
(Singer  and  Knowles,  1975,  cited  by  Lukin  and  Mauger,  1983). 

Net  flow  into  Albemarle  Sound  is  dominated  by  freshwater 
inflow  because  the  effects  of  winds  blowing  from  various 
directions  tend  to  cancel  each  other  out  over  time.  Average 
inflow  to  Albemarle  Sound  is  about  17,000  cubic  feet  per  second, 
draining  from  a  total  area  of  about  18,359  square  miles.  The 
peninsula  accounts  for  only  4%  of  the  drainage  basin.  The 
average  period  required  for  water  stored  in  Albemarle  Sound  to 
be  completely  flushed  and  replaced  by  fresh  water  is  about  five 
months  (calculated  from  hydrologic  data  in  Giese  et  al.,  1979, 
by  Lukin  and  Mauger,  1983). 

Periods    of   high   freshwater   inflow  to   Albemarle   Sound 

usually   reflect   the   typical   peak   flow  period   of  many  North 

Carolina   streams,   with   maximum   average  freshwater   inflow  in 

February   and   minimum   freshwater   inflow  in  October  (Lukin  and 
Mauger,  1983) . 
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Average  surface  salinities  are  lowest  in  March  following 
high  freshwater  inflow  from  January  through  March.  Surface 
salinities  reach  a  maximum  in  December  following  low  freshwater 
inflow  and  high  evaporation  from  June  through  September  (Lukin 
and  Mauger,  1983). 

Various  water  quality  problems  have  occurred  in  the 
Albemarle  Sound  system.  Severe  eutrophicat ion  has  occurred  in 
the  Chowan  River,  which  empties  into  the  sound.  Red  sore  disease 
has  occurred  periodically  throughout  Albemarle  Sound.  Early 
signs  of  general  eutrophication  are  occasionally  detected  in  the 
western  portion  of  the  sound;  such  signs  include  elevated 
phytoplankton  cell  counts  and  species  ratios,  water 
discoloration  and  elevated  nutrient  levels. 


4.1.2.3.2  Pamlico  Sound  ' 

Pamlico  Sound  covers  an  area  of  approximately  2,060  square 
miles  and  contains  920  billion  cubic  feet  of  water.  It  is  the 
largest  sound  formed  behind  a  barrier  island  strand  on  the 
Atlantic  coast  of  the  United  States  (Giese  et  al.,  1979,  cited 
by  Lukin  and  Mauger,  1983).  The  sound  has  an  average  depth  of  16 
feet  and  contains  a  "y"-shaped  basin  with  maximum  depths  of  26 
feet  at  the  confluence  of  the  Neuse  and  Pamlico  Rivers.  A 
broader  basin  with  a  maximum  depth  of  24  feet  occurs  in  the 
central  portion  of  the  sound.  A  central  lagoon  shoal  separates 
the  two  basins  and  extends  across  Pamlico  Sound  from  Ocracoke 
Inlet  to  Bluff  Point  (Lukin  and  Mauger,  1983). 

Pamlico  Sound  is  connected  with  the  ocean  through  Oregon, 
Hatteras  and  Ocracoke  Inlets.  This  limited  access,  combined  with 
the  broad  expanse  of  the  sound,  results  in  astronomical  or  ocean 
tides  being  significantly  dampened.  The  mean  periodic  tide  range 
within  Pamlico  Sound  is  approximately  0.2  feet.  Periodic  tide 
range  is  considerably  greater  in  the  narrow  river-estuaries 
tributary  to  Pamlico  Sound,  due  to  the  funneling  effect  of 
decreasing  dimensions  in  the  upstream  direction  (Roelofs  and 
Bumpus,  1953  and  Giese  et  al . ,  1979,  cited  by  Lukin  and  Mauger, 
1983).  For  example,  the  mean  periodic  tide  range  at  the  mouth  of 
the  Pamlico  River  is  about  0.5  feet  and  increases  to 
approximately  one  foot  at  Washington.  Wind-driven  currents 
dominate  flow  and  water  levels  in  the  sound  and  adjoining 
estuaries  (Giese  et  al.,  1979  and  Singer  and  Knowles,  1975, 
cited  by  Lukin  and  Mauger,  1983).  The  large  surface  area  of 
Pamlico  Sound  encourages  wind  setup  over  long  fetches  (Lukin  and 
Mauger,  1983). 

Average  annual  inflow  to  Pamlico  Sound  is  about  31,700 
cubic  feet  per  second,  which  drains  from  a  total  area  of  28,820 
square  miles,  less  than  3%  of  which  is  on  the  peninsula. 
Residence  time  of  water  in  Pamlico  Sound  is  about  11  months. 
Maximum  average  freshwater  inflow  to  Pamlico  Sound  occurs 
between  January  and  April,  with  the  highest  freshwater  inflow  in 
February.   Minimum   net   freshwater   inflow   does   not   occur   in 
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September,  October  and  November,  as  is  the  case  for  many  North 
Carolina  streams,  but  in  June,  when  evaporation  rates  are 
greatest.  Evaporative  water  loss  resulting  from  the  large 
surface  area  and  relatively  low  freshwater  inflow  rates  are 
significant  factors  in  the  annual  gross  water  budget  (Giese  et 
al,,  1979,  cited  by  Lukin  and  Mauger ,  1983). 

Surface  salinity  in  Pamlico  Sound  tracks  seasonal 
variations  of  freshwater  inflow,  but  short-term,  wind-induced 
currents  may  obscure  seasonal  salinity  variations  (Woods,  1967 
and  Giese  et  al.,  1979,  cited  by  Lukin  and  Mauger,  1983). 
Average  surface  salinities  are  lowest  in  April,  following  peak 
freshwater  inflow.  Surface  salinities  reach  a  maximum  in 
December  after  a  period  of  low  freshwater  inflow  in  the  fall. 
Seasonal  surface  salinity  differences  of  4  to  6  parts  per 
thousand  (ppt)  are  observed  at  the  mouths  of  major  estuaries, 
while  seasonal  salinity  fluctuations  of  0  to  2  ppt  are  observed 
in  the  vicinity  of  ocean  inlets  (Giese  et  al . ,  1979,  cited  by 
Lukin  and  Mauger,  1983).  Salinities  in  the  sound  rarely  exceed 
15  ppt  except  near  inlets. 

Over  one-third  of  the  sediment  reaching  Pamlico  Sound  is 
transported  by  the  Neuse  and  Tar-Pamlico  Rivers.  Local  shoreline 
erosion  is  an  even  larger  source  of  sediment.  Erosion  rates  up 
to  20  feet  per  year  have  been  observed  (Stephen  B.  Benton, 
Office  of  Coastal  Management,  NRCD,  personal  communication). 

Like  Albemarle  Sound,  Pamlico  Sound  shows  some  signs  of 
incipient  eutrophication ,  particularly  in  some  of  the  tributary 
estuaries,  which  receive  a  nutrient  load  that  is  part  natural 
and  part  man-induced.  Agriculture  and  phosphate  mining  introduce 
significant  amounts  of  nutrients,  particularly  phosphate,  into 
the  system. 


4.1.2.4  Groundwater 

Sand  layers  in  Quarternary  sediments  serve  as  the  primary 
source  of  water  supply  in  Dare  County  and  are  of  importance  to 
shallow  draw  throughout  the  region,  particularly  in  Hyde  County 
(Nelson,  1964).  Sand  and  limestone  layers  in  the  Yorktown 
Formation  of  Pliocene  age  are  the  principal  source  of  water 
supply  in  Hyde  and  Tyrrell  Counties  and  are  important  for 
Washington  County  as  well.  The  Castle  Hayne  Formation  of  Middle 
Eocene  age  (Jones  and  Sholar,  1981)  is  the  primary  source  of 
water  supply  in  Washington  County  and  the  northwestern  part  of 
Hyde  County  (Nelson,  1964). 
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Under  the  peninsula  Lie  the  cones  of  depression  caused  by 
two  very  large  groundwater  withdrawals:  Texasgulf's  phosphate 
mines  at  Aurora,  just  south  of  the  peninsula,  and  Union  Camp  at 
Franklin,  Virginia.  Effects  from  Texasgulf's  withdrawals  from 
the  Castle  Hayne  Aquifer  have  been  detected  as  changes  in  the 
potentiometr ic  surfaces  in  much  of  the  eastern  peninsula.  Union 
Camp  withdraws  water  from  the  Cretaceous  Aquifer.  No  interaction 
between  these  cones  of  depression  has  been  detected.  Clay  and 
silt  layers  act  as  aquitards,  separating  the  aquifers.  There  is 
no  evidence  that  any  portion  of  the  study  area  serves  to 
recharge  either  the  Castle  Hayne  or  the  Yorktown  Aquifer  (Bill 
Jeter,  Division  of  Environmental  Management,  NCRD,  personal 
communication) . 


4.1.2.5  Artificial  Drainage 

Drainage  projects  aimed  at  lowering  the  water  table  and 
removing  surface  water  in  peatlands  on  the  Albemarle-Pamlico 
Peninsula  have  been  undertaken  to  enhance  agricultural  and 
lumbering  operations  since  the  late  1700s.  The  history  of 
drainage  practices  on  the  peninsula  has  been  documented  by  Heath 
(1975),  Lilly  (1981),  Richardson  (1981,  1983)  and  McMullan 
(1984)  . 

Since  World  War  II,  development  of  swamp  lands  for  forestry 
and  agriculture  in  coastal  North  Carolina  has  continued.  By  the 
1960s,  paper  companies  owned  most  of  the  coastal  swamp  land  not 
in  public  ownership.  Clark  (1981)  has  estimated  that 
approximately  100,000  acres  of  wetlands  have  been  cleared  and 
drained  or  recleared  and  redrained  on  the  Albemarle-Pamlico 
Peninsula  within  the  past  15  years. 

Drainage  pattern  alteration  on  the  peninsula  began  in  the 
late  eighteenth  century,  and  a  widespread  system  of  canals, 
ditches  and  associated  roads  had  been  developed  in  the  area  by 
1970.  Large-scale  clearing  and  ditching  of  forest  and  evergreen 
wetlands  by  the  corporate  farm  industry  since  1973  have  resulted 
in  significant  additions  to  this  artificial  drainage  system 
(Lukin  and  Mauger ,  1983). 

Main  canals  are  spaced  about  one  mile  apart.  The  material 
excavated  from  these  canals  is  used  as  roadbed  fill.  Collector 
ditches  are  then  dug  at  right  angles  to  the  main  canals. 
Finally,  smaller  v-shaped  field  ditches  are  dug  at  right  angles 
to  the  collector  ditches  at  intervals  of  150  to  350  feet.  In  an 
idealized  situation,  approximately  16  to  20  miles  of  field 
ditches  and  3  miles  of  collector  ditches  drain  each  square  mile 
of  land  (Lukin  and  Mauger,  1983). 
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studies  of  effects  of  development  on  regional  hydrology  and 
runoff  water  quality  are  few.  However,  available  data  suggest 
that  peak  runoff  rates  occur  earlier  and  are  three  to  four  times 
higher  on  developed  than  on  undeveloped  lands.  Average  water 
table  depths  measured  by  Skaggs  et  al.  (1980)  were  about  9 
inches  deeper  on  developed  organic  soil  than  on  undeveloped 
organic  soil  (Lukin  and  Mauger,  1983). 

In  eastern  Hyde  County  the  drainage  system  has  apparently 
allowed  saltwater  intrusion  into  agricultural  lands,  although 
the  area  affected  is  relatively  small.  The  intrusion  is  related 
to  wind  tides  and  the  lack  of  flow  control  structures  on  outfall 
canals.  Storm  tides  are  a  more  significant  source  of  flooding: 
in  1954,  Hurricane  Hazel  flooded  about  half  of  the  study  area 
with  saltwater. 

The  effect  of  freshwater  flow  from  artificial  drainage 
canals  into  primary  estuarine  nursery  areas  has  become  an  issue 
of  increasing  concern  in  recent  years.  Freshwater  intrusion  into 
primary  nursery  areas  was  recognized  as  the  most  critical 
environmental  problem  in  the  coastal  region  by  the  Governor's 
Coastal  Water  Management  Task  Force  (1982). 

4.1.3  Fishery  Resources 

4.1.3.1  Marine  Fisheries 

Pamlico  Sound  and  its  tributaries  contain  the  most 
important  fisheries  resource  in  North  Carolina.  The  sound  itself 
is  a  major  commercial  fishing  ground,  and  the  primary  nursery 
areas  around  its  fringes  are  essential  to  commercially  important 
fish  and  shellfish  species.  The  same  species,  with  a  few 
exceptions  such  as  the  menhaden  (Brevoor tia  tyrannus) ,  bay 
anchovy  (Anchoa  mi tchi  Hi)  ,  and  silver  perch  (Bairdiella 
chrysura) ,  support  both  commercial  and  recreational  fisheries  in 
the  sound.  These  include:  brown  shrimp  (Penaeus  aztecus)  ,  white 
shrimp  (P^.  setif erus)  ,  pink  shrimp  (P_.  duorarum)  ,  blue  crab 
(Callinectes  sapidus)  ,  oyster  (Crassostrea  virqinica)  ,  spot 
(Leiostomus  xanthurus)  ,  croaker  (Micropoqonias  undulatus)  ,  red 
drum  (Sciaenops  ocellatus)  ,  weakf ish  (Cynoscion  regalis)  , 
spotted  seatrout  (Cynoscion  nebulosus) ,  bluef ish  (Pomatomus 
saltatr  ix)  ,  striped  mullet  (Mugil  cephalus)  ,  southern  flounder 
(Paralichthys  lethostigma) ,  and  summer  flounder  (Paralichthys 
dentatus)  (Birkhead  et  al.,  1977;  Copeland  et  al.,  1983;  Hester 
and  Copeland,  1975;  and  others). 
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4.1.3.2  Freshwater  Fisheries 

Freshwater  areas  on  and  around  the  peninsula  support 
smaller  commercial  and  recreational  fisheries  than  does  Pamlico 
Sound,  but  these  fisheries  are  nevertheless  significant. 
Recreational  fishing  overshadows  commercial  fishing  for  most 
species,  but  the  white  perch  and  eel  fisheries  are  economically 
important.  Important  freshwater  species  of  the  region  include: 
white  perch  (Morone  amer  icana)  ,  catfish  ( Ictalurus  spp.)  , 
bluegill  (Lepomis  macrochirus) ,  other  sunfish  (Lepomis  spp.) , 
largemouth  bass  (Micropterus  salmoides) ,  eel  (Angui 11a 
rostrata)  ,  and  crappie  (Pomoxis  spp.) 


4.1.3.3  Anadromous  Fisheries 

A  variety  of  important  anadromous  species  characterizes  the 
drainage  systems  of  the  study  area.  The  major  rivers  (Chowan, 
Roanoke)  and  large  creeks  have  historically  supported  large  runs 
of  these  fish.  Some  anadromous  fishes  now  spawn  in  artificial 
drainage  canals.  Species  present  include:  blueback  herring 
(Alosa  aestivalis)  ,  alewife  (Alosa  pseud o ha rang us) ,  striped  bass 
(Morone  saxatilus) ,  American  shad  (Alosa  sapidissima) ,  hickory 
shad  (Alosa  mediocr is) ,  and  Atlantic  sturgeon  (Acipenser 
oxyrhynchus)  (Hassler  et  al.,  1981;  Johnson  et  al.,  1977,  1979; 
Street,  1982;  Street  et  al,,  1975). 


The  striped  bass  populations  in  this  region,  and  along  the 
entire  Atlantic  coast,  appear  to  be  declining,  possibly  in 
response  to  water  quality  problems. 
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4.1.4  Soils  and  Farmland 

Soils  of  the  area  can  be  divided  into  two  main  groups, 
depending  on  their  location.  Those  soils  east  of  the  Suffolk 
Scarp  are  the  youngest  and  most  poorly  drained.  Broad,  flat 
interstream  areas  have  combined  with  impermeable  underlying 
sediments  to  create  conditions  favorable  for  slow  water  runoff 
and  eventual  accumulation  of  organic  matter.  Extensive 
swamplands  occur  in  this  area.  Soils  west  of  the  Suffolk  Scarp 
tend  to  be  better  drained  because  of  higher  elevations  and  have 
better  developed  drainage  patterns  (Governor's  Coastal  Water 
Management  Task  Force,  1982). 

Soils  are  predominantly  sandy  with  firm  subsoils,  but 
clayey  and  silty  textured  soils  are  also  commonly  found.  Organic 
soils  (histosols)  have  formed  in  swampy  areas  where  organic 
matter  accumulation  has  occurred.  (Governor's  Coastal  Water 
Management  Task  Force,  1982).  Deep  organic  soils  cover  much  of 
the  peninsula.  In  the  three-county  study  area,  over  100,000 
acres  are  covered  by  organic  soils  deeper  than  four  feet. 

Agricultural  statistics  indicate  that  206,730  acres  of 
cropland  were  harvested  on  the  peninsula  in  the  1979-80  season: 
83,280  acres  in  Washington  County,  77,100  acres  in  Hyde  County, 
45,440  acres  in  Tyrrell  County,  and  900  acres  in  Dare  County 
(Lukin  and  Mauger ,  1983). 

4.1.5  Forests 

Between  1963  and  1973,  commercial  forest  lands  on  the 
northeastern  Coastal  Plain  of  North  Carolina  decreased  by  more 
than  3%.  More  than  half  of  this  loss  of  forested  areas  was  a 
result  of  conversion  to  agricultural  land,  primarily  in  those 
counties  south  of  Albemarle  Sound   (Lukin  and  Mauger,  1983). 

Forests  on  the  peninsula  cover  729,000  acres,  about  70%  of 
the  total  area.  Most  of  the  forested  areas  occur  on  deep  organic 
soils  and  fall  into  six  classes  in  two  major  groups: 

Upland  Forests 

Deciduous  Forest  Land:   oak,  hickory,  tulip  poplar 
Evergreen   Forest   Land:    peninsular   upland  pine  forests, 

broadleaf-evergreen    dominated   forest,   managed   pine 

plantations 
Mixed  Forest  Land 
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Forested  Wetlands 

Swamp  Forest:  gum-cypress  swamps,  mixed  hardwood 
bottomland  swamps,  Atlantic  white  cedar  swamps,  some 
pine-hardwood  swamps,  "high  brush  swamps" 

Evergreen  Wetland:  pond  pine  and  broadleaf  evergreens 
(bays  and  wax  myrtle),  pocosins,  shrub  bogs,  bay 
forests,  pond  pine  forests 

Disrupted  Grass  and/or  Shrub  Wetland:  some  pond  pines, 
grouped  with  forest  lands  because  they  were  produced 
by  alteration  of  evergreen  forests  and  will  revert  to 
evergreen  forests  if  no  further  disruptions  occur 

(Lukin  and  Mauger ,  1983) 

4.1.6  Mineral  and  Energy  Resources 

4.1.6.1  Phosphate 

The  most  economically  valuable  mineral  resource  in  the 
North  Carolina  coastal  region  is  phosphate,  occurring  as 
carbonate  fluorapatite  in  the  Pungo  River  Formation  of  Middle 
Miocene  age.  This  formation  underlies  much  of  the  outer  Coastal 
Plain  north  of  the  Neuse  River.  Phosphate  is  mined  in  central 
Beaufort  County,  on  the  south  shore  of  the  Pamlico  River.  It  is 
not  mined  on  the  Albemarle-Pamlico  Peninsula  because  of  the 
depths  at  which  the  phosphate  deposits  lie  in  the  subsurface. 

4.1.6.2  Oil  and  Gas 

Oil  and  gas  have  been  sought  in  42  exploratory  wells  on  the 
peninsula  in  the  past  37  years,  but  none  has  been  found.  Oil  and 
gas  activity  on  the  outer  continental  shelf  50  miles  east  of  the 
peninsula  may  eventually  lead  to  pipeline  construction,  but  no 
such  activity  is  currently  planned. 

4.1.6.3  Peat 

The  only  potentially  valuable  energy  resource  in  the 
coastal  region  is  a  generally  fine  grained,  highly  decomposed 
black  peat  (Ingram  and  Otte  1981,  1982).  Extensive  peat  deposits 
occur  in  North  Carolina,  the  largest  of  which  are  located  on  the 
Albemarle-  Pamlico  Peninsula.  The  peninsula  contains 
approximately  278  million  dry  tons  of  peat  over  an  area  of  about 
582  square  miles  (373,000  acres).  The  peat  deposits  occur  in 
shallow  depressions  to  a  depth  of  10  feet  and  in  narrow  former 
stream  channels  to  a  depth  of  16  feet  (Ingram  and  Otte,  1982). 
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Peat  deposits  are  associated  primarily  with  the  Alligator 
River  drainage  system.  Thick  peat  occurs  along  both  shores. 
Peat-filled  tributaries  extend  eastward  into  Dare  County, 
southward  into  Hyde  County  and  westward  into  Tyrrell  County, 
where  the  peats  of  the  Southwest  Fork  of  the  river  are  very 
extensive,  spreading  west  and  south  in  the  vicinity  of  Lake 
Phelps  (see  Figure  4B) . 

The  peat  is  generally  sapric  and  moderately  to  highly 
decomposed.  Ash  content  is  generally  low  (6-10  percent  average), 
as  is  sulfur  (less  than  0.5%).  Stumps  and  logs  occur  frequently, 
especially  in  the  thicker  peat  deposits  (Ingram  and  Otte,  1982). 

The  peats  of  the  peninsula  yield  approximately  10,000  Btu's 
per  pound  (moisture  free)  and  could  provide  almost  6  quadrillion 
Btu's  of  energy  value  if  mined  completely  and  used  efficiently. 
This  amount  could  meet  the  state's  thermal  needs  for  almost  4 
years  at  1980  consumption  levels  (calculated  from  Ingram  and 
Otte,  1982  and  Harwood  and  McMullan,  1981,  by  Lukin  and  Mauger, 
1983). 


4.1.7  Wildlife 

The  Albemarle-Pamlico  Peninsula  contains  rich  and  abundant 
wildlife  resources  as  a  result  of  the  high  quality  and  diversity 
of  available  habitat.  The  broad  floodplains  of  the  Roanoke, 
Pamlico-Tar  and  Alligator  Rivers  transecting  the  area,  the  vast 
estuarine  marshes  and  the  low  flatlands  that  were  historically 
the  floor  of  the  Atlantic  Ocean  create  a  mixture  of  ecological 
systems  unsurpassed  in  richness,  diversity  and  complexity 
anywhere  in  the  state. 

4.1.8  Parks,  Refuges  and  Natural  Areas 

Major  portions  of  the  peninsula  are  publicly  owned  and 
managed  (Figure  4C).  There  are  national  wildlife  refuges  at 
Pungo  Lake,  Lake  Mattamuskeet ,  and  Swanquarter.  In  March,  1984, 
120,000  acres  of  land  in  Dare  and  Tyrrell  Counties  were  donated 
to  the  federal  government  to  create  the  Alligator  River  National 
Wildlife  Refuge.  Lake  Phelps  is  a  state  park.  Gull  Rock  State 
Gameland  is  managed  to  conserve  wetlands  and  bear  habitat.  The 
Air  Force  Bombing  Range  in  Dare  County,  while  not  a  refuge,  is 
managed  to  conserve  natural  habitat  and  is  closed  to  hunting.  A 
large  portion  (27,000  acres)  of  the  bombing  range  is  pending 
entry  in  the  N.  C.  Natural  Heritage  Registry  and  will  be  managed 
by  the  Air  Force  to  preserve  large  examples  of  three  types  of 
pocosin  communities. 
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The  peninsula  has  recently  been  inventoried  for  potential 
natural  areas.  Such  areas  were  identified  and  described  on  the 
basis  of:  1)  relative  lack  of  disturbance,  2)  quality  of 
botanical  assemblage,  and  3)  size  (McDonald  and  Ash,  1981; 
Peacock  and  Lynch,  1982a  and  1982b;  Lynch  and  Peacock,  1982a  and 
1982b) . 


4.2  Socioeconomic  Environment 

4.2.1  Population 

The  region  is  sparsely  populated,  with  a  few  small  cities 
and  towns.  In  the  three-county  study  area  the  population  is 
aggregated  in  areas  of  good  farmland  and  along  the  shoreline  in 
towns  originally  settled  as  fishing  ports.  A  long-term  trend  of 
population  loss  in  Hyde  and  Tyrrell  Counties  and  very  slow 
growth  in  Washington  County  was  apparently  reversed  in  the  past 
decade.  Even  so,  the  regional  growth  rate  of  +5.1%  is  only 
one-third  of  the  state  growth  rate  of  +15.5%  for  1970-80.  (See 
Figure  4D  for  comparison  of  these  counties  with  the  rest  of  the 
coastal  region.) 

4.2.2  Employment 

Agriculture,  forestry  commercial  fishing  and  shellfishing 
and  recreational  industries  have  traditionally  dominated 
economic  activity,  and  therefore  employment,  on  the  peninsula. 
Although  such  employment  remains  economically  significant, 
particularly  in  terms  of  income,  the  composition  of  the  labor 
force  in  the  area  is  shifting  toward  employment  in  the 
industrial  and  service  sectors  (see  Table  4A) .  This  shift  has 
been  coupled  with  increased  commuting  to  work  in  adjacent 
counties. 


4.2.3  Income 

Median   family   and   personal   income   fall   below  the  state 
medians  in  all  three  counties  (Tables  4B  and  4C) . 


4.2.4  Economic  Sectors 

Commercial  fishing  in  Hyde,  Tyrrell  and  Washington  Counties 
in  1980  produced  fish  and  shellfish  worth  $4.5  million  (Table 
4D)  and  $49.4  million  in  the  counties  bordering  on  Pamlico 
Sound.  (Not  all  seafood  landed  in  these  counties  was  caught  in 
Pamlico  Sound.)  In  the  three  counties,  this  compares  to 
agricultural  products  worth  $42.3  million  and  estimated  1982 
forestry  output  worth  $3.9  million  (Alex  Dowdell,  Div.  Forest 
Resources,  NRCD,  personal  communication).  .  ,    ■ 
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Figure    4D:      Total   population,    1980,    and   percentage    change    in    total   population, 
1970-1980 
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Table  4A:  Employment  summary  by  industry  groups  by  county, 
1960,  1970 

Hyde  Tyrrell        Washington 

1960     1970     1960     1970     1960     1970 

Total  Employed      1,686    1,699    1,354    1,220    4,088   4,679 


Agriculture/ 

Forestry/ 

Fisheries 

Construction 

Manufacturing 

Transportation/ 

Communication/ 

Utilities  3.3      4.5      3.1      1.9      2.2     2.2 

Wholesale  Trade/ 
Retail  Trade 

Services 

Education 

Government 


Source:  - 

U.S.  Census  of  Population,  1960  General  Social  and  Economic 
Characteristics,  North  Carolina  Table  85,  1960.   U.S. 
Census  of  Population,  1970,  General  Social  and  Economic 
Characteristics,  Table  123. 
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Table  4B:  Median  family  income  by  county,  1960,1970 

1960  1970 


Median 

Families 

Median 

Families 

Family 

Below 

Family 

Below 

Income 

Poverty 

Income 

Poverty 

Line  (%) 

Line  (%) 

$1,979 

N.A. 

$4,430 

33.5 

1,927 

N.A. 

4,307 

37.9 

3,495 

N.A. 

7,152 

23.7 

Hyde 

Tyrrell 

Washington 

North  Carolina     $3,956       N.A.      $7,770      16.5 


Note : 

N.A.=not  available 
Source: 

Local  Area  Personal  Income,  South  East  Region,  U.S. 
Department  of  Commerce,  Bureau  of  Economic  Analysis 


Table  4C :  Per  capita  personal  income  by  county,  1970,  1975,  1977 

Per  Capita  Personal  Income 

1970  1975  1977 

Hyde                    $2,204  $3,612  $3,901 

Tyrrell                  2,046  3,589  4,358 

Washington               2,710  4,096  4,946 

North  Carolina          $3,200  $4,940  $5,916 


Source : 

Local  Area  Personal  Income,  South  East  Region,  U.S. 
Department  of  Commerce,  Bureau  of  Economic  Analysis. 
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Table  4D:   Commercial  fishing  vessel  licenses,  pounds  landed 
and  dockside  value  by  county  1975-1980* 

Commercial 
Vessel 
Pounds  Dockside  Value  ($)  Licenses 

1975   1980   Change      1975   1980   Change    1975   1980   Change 
(000s)  (000s)   %       (000s)  (000s)   %      (000s)  (000s)    % 

Hyde    3,204  13,056  307.5  770  4,182  443.1  448  415   -7.4 

Tyrrell   766  976  27.4  143  228  59.4  143  113  -21.0 

Wash-     604  532  -11.9  88  100  13.6  254  263    3.5 
ington 

NC     72,326   153,805   112.7  16,409  61,390   274.1  17,776  18,268    2.8 

*  The  figures  do  not  include  menhaden  landings 

Source : 

Division  of  Marine  Fisheries,  NRCD,  "Annual  Statistics  on  Fish  Landings" 


There  is  little  current  manufacturing  in  the  three 
counties:  two  small  garment  operations  and  numerous  small 
agricultural  processors  and  supplies.  Large  industrial  paper  and 
textile  operations  are  located  in  Beaufort  and  Martin  Counties 
adjacent  to  the  study  area.  There  is  no  large  scale  chemical  or 
electrical  facility  in  the  region  or  any  of  the  adjacent 
counties . 


4.2.5  Transportation  Infrastructure 

Highway  access  on  the  peninsula  is  generally  good  east-west 
and  limited  north-south.  The  north-south  highways  (NC  32,  45,  94 
and  99)  are  utilized  primarily  by  local  traffic  and  are  not 
heavily  traveled  (Cribbins,  1983). 

Water  access  is  very  good:  the  peninsula  is  bisected  by  the 
Intracoastal  Waterway  and  surrounded  on  three  sides  by  water. 
Barge  terminals  of  varying  quality  exist  in  Belhaven,  Columbia, 
Edenton  and  Plymouth.  Lack  of  shoreside  loading  equipment, 
limited  depth  of  approach  channel  or  turning  basin  and 
inadequate  storage  area  are  characteristic  of  some  of  these 
facilities  (Cribbins,  1983). 

Rail  access  is  available  only  at  the  western  end  of  the 
peninsula.  Dare,  Hyde  and  Tyrrell  Counties  have  no  rail  service 
(Cribbins,  1983). 

No  petroleum  product  pipelines  exist  in  the  region  and 
natural  gas  service  is  not  available  in  Dare  and  Tyrrell 
Counties  (Cribbins,  1983). 
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4.3  Legal- insti tut ional  Environment 

This  section  reviews  the  governmental  setting  in  which  the 
proposed  peat  mining  will  take  place,  the  major  regulatory 
controls  available  to  mitigate  any  adverse  environmental 
consequences  of  mining  and  possible  responses  of  the  affected 
local  governments. 

4.3.1  Local  and  County  Government 

Washington  and  Hyde  Counties  have  commission-manager 
governments.  Tyrrell  County  is  run  directly  by  a  board  of 
commissioners;  the  chief  executive  officer  is  the  county 
finance  officer.  Washington  and  Hyde  maintain  planning  officers.' 
All  three  counties  participate  in  land  use  planning  through  the 
state  Coastal  Area  Management  Act  (CAMA) .  Each  county  has  a 
single  unified  school  district. 

The  only  incorporated  towns  on  the  peninsula  are  Plymouth, 
Creswell,  Roper  and  Columbia.  Each  has  a  mayor-council 
government.  Plymouth  has  its  own  planning  department.  Plymouth, 
Roper  and  Creswell  have  zoning  ordinances;  the  counties  and 
Columbia  do  not.  There  are  no  special  taxation  districts  on  the 
peninsula . 

In  Washington  County  the  county  acts  as  a  drainage  district 
to  carry  out  drainage  projects,  but  is  organized  under  Article 
3,  Chapter  139  of  the  General  Statutes  of  North  Carolina,  not 
under  Chapter  156,  which  governs  drainage  districts.  Hyde  County 
contains  Fairfield  and  Grassy  Ridge  drainage  districts,  both  of 
which  have  been  active  since  1976.  In  Tyrrell  County  the  only 
active  drainage  district  is  Gum  Neck. 

4.3.2  Major  Regulatory  Controls 

4.3.2.1  State  Regulatory  Controls 

Some  exclusively  state  permits  and  some  federal  permits 
administered  by  the  state  are  applicable  to  peat  mining.  This 
section  discusses  the  former.  Federal-state  permits  are 
addressed  in  section  4.3.2.2. 
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4.3.2.1.1  Mining  Act 

The  major  state  regulatory  tool  for  the  control  of  the 
environmental  impacts  of  peat  mining  is  the  Mining  Act  of  1971 
(G.  S.  74-46  et  seq.).  This  law  requires  a  permit  before  surface 
mining  is  undertaken,  and  in  order  to  obtain  a  permit  the 
applicant  must  demonstrate  that  the  mining  will  not  violate  air 
and  water  quality  standards,  will  not  result  in  substantial 
deposits  of  sediment  in  stream  beds  or  lakes,  or  landslides,  and 
will  not  have  unduly  adverse  effects  on  fish  and  wildlife.  A 
reclamation  plan  is  required;  a  bond  must  be  kept  in  effect 
until  reclamation  is  complete.  The  maximum  amount  of  the  bond 
($50,000)  is  set  according  to  a  schedule  established  by  the 
Mining  Commission.  This  is  an  extremely  small  per  acre  amount  if 
the  state  must  undertake  substantial  reclamation  efforts  or  must 
support  pumping  or  maintenance  of  drainage  systems.  Since  the 
maximum  amount  of  reclamation  bonds  is  no  longer  set  by  statute, 
the  Mining  Commission  has  authority  to  increase  the  amount  of 
the  bonds  to  make  them  more  adequate  on  a  per  acre  basis. 

Reclamation  plans  for  some  of  the  potentially  minable  areas 
may  require  that  water  be  perpetually  pumped  from  the  reclaimed 
land  in  order  for  the  land  to  support  farming  or  timbering 
activities.  A  possible  legal  technique  for  enforcing  this 
requirement  is  through  the  mining  permit  and  bond  requirements. 
The  Mining  Act  provisions  (G.S.  74-46  through  G.S.  74-68),  when 
read  as  a  whole,  appear  to  comtemplate  that  reclamation  will  be 
completed  within  a  reasonable  time  after  the  conclusion  of 
mining  activities,  and  that  when  reclamation  has  been  completed 
in  a  satisfactory  manner  the  bond  will  be  released  and  no 
further  undertakings  will  be  required  of  the  holder  of  the 
mining  permit.  That  is,  the  Act  appears  to  contemplate  that 
reclamation  activities  will  have  a  definite  termination  date. 
Although  G.S.  74-53  requires  reclamation  to  be  completed  within 
two  years  of  the  termination  of  mining,  it  authorizes  the 
Department  of  Natural  Resources  and  Community  Development  (NRCD) 
to  allow  a  longer  time.  If  NRCD  may  allow  a  longer  time,  it  is 
arguable  that  when  circumstances  so  require,  NRCD  may  require  a 
longer  time.  This  is  supported  by  G.S.  74-49(12),  which  defines 
"reclamation"  as  being  the  "reasonable  rehabilitation  of  the 
affected  land  for  useful  purposes".  G.S.  74-54  provides  that  the 
liability  under  the  bond  must  be  maintained  until  reclamation  is 
completed  in  accordance  with  the  plan;  thus  it  would  appear  that 
all  or  a  portion  of  the  bond  could  be  continued  in  effect  to 
indemnify  the  state  in  the  event  it  should  have  to  continue  the 
pumping  after  failure  or  refusal  of  the  permit  holder  to  do  so. 
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4.3.2.1.2  Capacity  Use  Designation 

All  of  Washington  County  and  portions  of  Hyde  and  Tyrrell 
Counties  have  been  designated  capacity  use  areas  pursuant  to  the 
Water  Use  Act  of  1967  (G.  S.  143-215.11  et  seq.),  and  the 
remaining  portions  of  the  counties  could  be  so  designated 
pursuant  to  this  law.  Within  the  designated  areas,  a  permit  from 
the  Environmental  Management  Commission  is  required  for 
withdrawal  or  utilization  of  water  in  excess  of  100,000  gallons 
per  day.  The  Commission  must  also  approve  "any  project  involving 
the  excavation  of  any  single  area  in  excess  of  five  acres  to  a 
depth  below  the  highest  natural  level  of  groundwater"  (15 
N.C.A.C.  2E  .0205). 


4.3.2.1.3  Areas  of  Environmental  Concern  (Coastal  Area 
Management  Act) 

The  North  Carolina  Coastal  Area  Management  Act  (CAMA) ,  in 
listing  potential  areas  of  environmental  concern,  adopts  as  its 
definition  of  "wetlands"  in  G.S.  113A-113 (b) (1 )  the  same 
definition  used  in  G.S.  113-230  (a)  .  G.S.  113-230  (a)  (part  of  the 
dredge  and  fill  permit  law)  adopts  for  its  definition  of 
"coastal  wetlands"  any  marsh  as  defined  by  G.S.  113-229 (n) (3 ) , 
plus  certain  contiguous  land.  G.S.  113-229  (n)  (3 ) ,  in  turn, 
defines  "marshland"  as  any  marsh  subject  to  tidal  flooding  in 
which  is  found  at  least  one  of  ten  named  species  of  plants.  Thus 
a  "wetland"  as  defined  under  CAMA  is  "any  marsh  subject  to  tidal 
flooding  in  which  is  found  at  least  one  of  ten  named  species  of 
plants" . 

Should  any  mining  activity  take  place  within  an  Area  of 
Environmental  Concern  designated  pursuant  to  the  Coastal  Area 
Management  Act  (G.  S.  113-100  et  seq.),  a  major  development 
permit  would  be  required  from  the  Coastal  Resources  Commission. 

4.3.2.2  Federal  Regulatory  Controls 

4.3.2.2.1  NPDES  Permits 

Any  water  discharges  from  canals  draining  mining  sites  or 
other  point  sources  require  an  NPDES  Permit,  administered  by  the 
state,  but  mandated  by  the  federal  Clean  Water  Act  (33  U.S.C. 
Section  1251  et  seq.).  Water  quality  standards  must  be  met  for 
the  permit  to  be  obtained.  Also,  under  Section  401  of  the  Clean 
Water  Act,  the  state  must  certify  to  EPA  that  no  effluent 
standard,  water  quality  limit  or  toxic  pollutant  standard  will 
be  violated  by  the  mining  activity. 
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4.3.2.2.2  Clean  Air  Act 

The  air  quality  in  the  study  area  counties  meets  or  exceeds 
that  required  by  the  national  air  quality  standards,  and, 
therefore,  the  area  is  designated  a  Prevention  of  Significant 
Deterioration  (PSD)  area.  The  state,  through  its  state 
implementation  plan,  administers  and  enforces  the  federal  Clean 
Air  Act  (42  U.S.C.  section  7401  et  seq.)  and  by  means  of  that 
plan  must  enforce  the  standards  for  PSD  areas.  These  standards, 
in  summary,  require  that  the  air  quality  in  PSD  areas  not  exceed 
certain  stated  increments  for  listed  pollutants,  including 
particulate  matter.  The  area  is  a  class  II  PSD  area,  to  which 
moderately  stringent  standards  are  applied,  except  for  the  Swan 
Quarter  National  Wildlife  Refuge  in  Hyde  County,  which  is  a 
class  I  area,  to  which  the  most  stringent  standards  are  applied. 
Activities  occurring  outside  a  class  I  area  must  not  cause  a 
violation  of  the  class  I  standards  within  the  area.  Mining 
activities  would  be  regulated  under  the  PSD  planning  and 
permitting  provisions  if  the  activity  emits  or  has  the  capacity 
to  emit  250  tons  per  year,  or  more,  of  a  controlled  pollutant, 
such  as  particulates  (40  C.F.R.  section  52.21  et  seq.).  The  most 
likely  control  measures  that  would  be  applied  are  work  practice 
standards  designed  to  control  fugitive  emissions. 

4.3.2.2.3  404  Dredge  and  Fill  Permits 

If  dredged  or  fill  material  is  to  be  deposited  into 
navigable  waters  or  associated  wetlands  as  part  of  the  mining 
activity,  a  permit  must  be  obtained  from  the  U.  S.  Army  Corps  of 
Engineers  under  Section  404  of  the  Clean  Water  Act  (33  U.S.C. 
Section  1344).  The  conditions  of  this  permit  must  be  such  that 
fishery  areas  and  wildlife  are  not  adversely  affected.  No  permit 
is  required  for  normal  farming  and  forestry  operations  such  as 
plowing,  seeding,  cultivation  and  minor  drainage  or  "for  the 
purpose  of  construction  or  maintenance  of  farm  roads  or  forest 
roads,  or  temporary  roads  for  moving  mining  equipment,  where 
such  roads  are  constructed  and  maintained,  in  accordance  with 
best  management  practices"  to  assure  that  the  flow  and  quality 
of  the  water  is  unimpaired  (33  U.S.C.  section  1344(f)). 

For  purposes  of  issuing  dredge  and  fill  permits  in  the 
naviagable  waters  of  the  United  States  pursuant  to  Section  404, 
the  Army  Corps  Engineers  and  EPA  have  adopted  the  same 
definition  of  "wetlands."  For  the  Corps  of  Engineers,  the 
definition  appears  at  33  C.F.R.  section  323.2(c);  for  EPA,  at  40 
C.F.R.  section  230. 3(t).  The  definition  is:  "The  term  'wetlands' 
means  those  areas  that  are  inundated  or  saturated  by  surface  or 
ground  water  at  a  frequency  and  duration  sufficient  to  support, 
and  that  under  normal  circumstances  do  support,  a  prevalence  of 
vegetation  typically  adapted  for  life  in  saturated  soil 
conditions.  Wetlands  generally  include  swamps,  marshes,  bogs  and 
simi lar  areas . " 
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If  a  Section  404  permit  is  required,  the  Corps  of  Engineers 
must  also  prepare  an  environmental  impact  statement  under  the 
National  Environmental  Policy  Act  (42  U.S.C.  section  4321  et 
seq. )  . 


4.3.2.2.4  Endangered  Species  Act 


The  study  area  provides  habitat  for  at  least  three  animals 
that  have  been  listed  as  endangered  species:  the  redcockaded 
woodpecker,  the  bald  eagle  and  the  American  alligator;  another 
endangered  species,  the  eastern  cougar,  may  inhabit  the  area  (50 
C.F.R.  section  17.11).  No  critical  habitats  have  been  designated 
for  these  species,  but  the  cougar  and  woodpecker  are  listed  as 
endangered  throughout  their  ranges  and  the  eagle  is  endangered 
in  the  lower  48  states.  The  case  of  Palila  v.  Department  of  Land 
and  Natural  Resources,  471  F.  Supp.  985  (D.  Haw.  1979),  aff'd 
639  F.2d  495  (9th  Cir.  1981),  held  that  state  action  allowing 
the  deterioration  of  the  habitat  of  an  endangered  species  is  a 
"taking"  within  the  meaning  of  the  Endangered  Species  Act  (16 
U.S.C.  section  1531  et  seq.)  and  may  be  enjoined  by  a  federal 
court.  In  that  case,  the  habitat  destruction  was  taking  place  in 
an  area  designated  as  critical  habitat  for  the  palila,  an 
endangered  Hawaiian  bird,  by  the  U.S.  Fish  and  Wildlife  Service, 
and,  therefore,  the  case  against  the  state  was  strong.  Private 
organizations  might  also  rely  on  the  Endangered  Species  Act  to 
block  mining  activities  that  are  disruptive  to  critical  habitat. 

4.3.3  County  Responses 

A  county  may  respond  to  large-scale  mining  activities  by 
requiring  a  local  environmental  impact  statement;  adopting  a 
land  use  ordinance  requiring  a  county  mining  permit;  and/or 
pressing  for  state  enabling  legislation  that  would  authorize  the 
levy  of  a  severance  tax  (Brower  et  al.,  1983). 

4.3.3.1  Local  Environmental  Impact  Statement 

Local  governments  are  authorized  by  G.S.  113A-8  to  require 
environmental  impact  statements  for  major  development  projects, 
which  are  defined  to  include  commercial  and  industrial  projects 
of  more  than  two  contiguous  acres.  A  peat  mine  would  appear  to 
fit  this  definition.  An  environmental  impact  statement  might  be 
quite  helpful  to  a  county  in  making  plans  for  dealing  with  the 
social,  economic  and  environmental  impacts  of  large-scale 
mining,  but  the  statement  is  informational  only  and  does  not 
empower  the  county  to  veto  the  project  because  the  predicted 
environmental  consequences  are  severe,  nor  does  it  bind  the  mine 
operator  to  any  particular  environmental  standards.  For  the 
requirement  of  a  county  environmental  impact  statement  to  be 
effective,  the  county  must  employ  a  person  capable  of  drafting 
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and   administering   the   impact  statement  ordinance  and  reviewing 
the  completed  statement  for  adequacy. 

4.3.3.2  County  Mining  Permit 

Counties  may  respond  to  mining  activities  that  are 
regulated  by  the  state  under  the  Mining  Act  by  enacting  land  use 
regulations.  County  zoning  regulations  might  be  honored  to  some 
extent,  but  a  county  prohibition  of  mining  would  —  in  the  face 
of  a  state  permit  —  clearly  be  preempted  by  state  law.  Brower 
et  al .  (1983)  indicate  that  the  county  would  require  a 
reclamation  bond  in  addition  to  the  state  bond.  However,  the 
strong  possibility  of  preemption  exists  here  also.  Although  some 
effective  land  use  regulation  might  be  adopted  at  the  county 
level  to  deal  with  mining,  it  would  have  to  be  very  carefully 
tailored  to  avoid  state  preemption,  and  even  then  it  would 
probably  invite  litigation  by  the  mining  companies. 


Severance  taxes  can  take  a  number  of  forms,  including  a  per 
unit  tax  on  each  ton  or  other  quantity  of  the  product  mined,  or 
a  percentage  of  the  sales  price  of  the  resource  mined.  A  portion 
of  the  tax  could  be  allocated  for  reclamation  efforts.  Other 
states  with  severance  taxes  could  provide  models  for  a  North 
Carolina  tax.  State  legislation  would  be  required  before 
counties  could  levy  any  sort  of  a  severance  tax.  The  tax  could 
also  be  made  a  state  tax. 
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5.  ALTERNATIVE  PEAT  MINING  DEVELOPMENT  SCENARIOS 
5.1  Introductory  Section 


In   the   contex 
assumptions   about 
20-year   period.   In 
mined   as   proposed) 
possible   on   the  st 
mining   permits   or 
Where   plans   for   s 
available,   attempts 
assumptions   possibl 
by   representatives 
agency   personnel   i 
to  the  refinement  of 


t   of   this   project,   a  scenario  is  a  set  of 

the   course  of  peat  mining  development  over  a 

Scenario   #1   (currently   permitted  acreage 

,   these   assumptions   are   based   as  much  as 

ated  plans  of  peat  mining  companies  that  held 

had   applied  for  permits  as  of  summer,  1983. 

pecific   aspects   of   the   scenarios  were  not 

were   made   to   make   the  most  "reasonable" 

e.   Comments  on  early  drafts  of  the  scenarios 

of   the   peat   mining   industry  and  by  state 

nvolved  with  permitting  processes  contributed 

these  assumptions. 

Scenarios  #2  and  #3  are  based  entirely  on  assumption  and 
(except  for  the  section  of  Scenario  #3  between  years  1  and  10 
which  corresponds  to  Scenario  #1)  do  not  represent  the  stated 
plans  of  any  peat  mining  industry  or  landowner  in  the  study 
area  . 

In  all  scenarios,  national  economic  conditions  are  assumed 
to  warrant  the  development  described. 

Two  mining  areas  have  been  delineated  for  Scenarios  #1  and 
#3  based  on  permits  issued  and  permit  applications  submitted  as 
of  summer,  1983,  geographical  location,  and  drainage 
characteristics.  These  areas  are  shown  in  Figure  5B. 

Four  mining  areas  are  outlined  for  Scenario  #2  based  on 
drainage  characteristics  and  geographical  location  (see  Figure 
5G) .  Areas  1  and  2  of  this  scenario  are  expansions  of  Areas  1 
and  2  in  Scenario  #1.  Areas  3  and  4  of  Scenario  #2  are  areas  for 
which  no  mining  permit  applications  have  been  submitted  to  date, 
but  in  which  substantial  peat  deposits  lie. 

The  following  pages  outline  each  of  the  three  scenarios, 
stating  assumptions  made  about  each  of  the  following  aspects: 


Permitted  acreage 

Land  disturbance 

Mining  and  processing  technologies 

Transportation 

Water  management 

Air  quality  management 

Solid  waste  management 

Wildlife  mitigation  measures 

Fire  protection  measures 

Reclamation  plans 
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5.2  Alternatives 

5.2.1  No  Change 

This  alternative  assumes  that  neither  peat  mining  nor  any- 
other  type  of  development  occurs  during  the  20-year  study  period 
in  areas  within  the  boundaries  of  the  scenarios.  No  further 
ditching  occurs  and  the  permit  areas  remain  largely  in  their 
present  state.  Agricultural  and  forestry  operations  currently 
underway  continue  but  do  not  expand;  no  conversions  from  one 
land  use-habitat  type  to  another,  other  than  normal  succession, 
occur  . 

Burned  and  otherwise  disturbed  acreage  not  under 
cultivation  or  in  pine  plantations  in  the  permitted  areas 
undergo  natural  vegetational  succession  and  eventually  revert  to 
low  or  high  pocosin. 
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5.2.2  Scenario  #1:  Currently  Permitted  Acreage 

(Static:  at  years  1/10/20  and/or  Cumulative:  years  1-10 
and  11-20) 

Note:  Peat  Methanol  Associates  (PMA)  documents  refer  only 
to  15,012  acres  assumed  permitted  for  methanol 
production  in  Area  1  and  do  not  refer  to 
horticultural  peat  operations. 


5.2.2.1  Permitted  Mining  Activity 
5.2.2.1.1  Permitted  Acreage 


Area  1 
Area  2 
Total 


year  1 
15,818 

7,142 

22,960 


10 


20 


Assumptions : 

No  further  acreage  is  permitted  during  the  next  20  years 
Permit  renewals  are  granted  for  continuation  of  mining  on 

already  permitted  acreage 
First  Colony  Farms'  mining  permit  is  transferred  to  PMA 

Sources : 

Mining  Permits 
Figure  5A 


5.2.2.1.2  Location  of  Permitted  Acreage 
see  Figure  5B 
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5.2.2.2  Land  Disturbance 

5.2.2.2.1  Acreage  Mined  (cumulative) 


Area  1 
Area  2 

Total 


by  10 
5,520 

3,000 

8,520 


by  20 
11,360 

6,000 

17,360 


Assumptions : 

Mining  start  dates  and  rates  occur  as  indicated  in  Figure  5A 
Disturbed  acreages  for  Area  2  and  for  the  horticultural 
operations  in  Area  1 
Sources : 

PMA,  1983d,  Fig.  2-10  (blocks  fully  or  partially  mined  or  in 

preparation  at  years  5,  10,  15  and  20) 
Figure  5A 


5.2.2.2.2  Average  Acreage  in  Peat  Mining  Production  at  Any  One 
Time 


Area  1 
Area  2 
Total 


1 

-10 

2, 

000 

1, 

500 

3, 

500 

11-20 
2,000 

1,500 

3,500 


Assumption : 

Average  acreage  in  production  for  Area  2 
Source: 

PMA,  1983c,  d 


5.2.2.2.3  Maximum  Acreage  Disturbed  (in  Preparation  or  Being 
Mined)  at  Any  One  Time 
at  10 
Area  1      .  2,880 


at  20 
2,560 


Area  2 

Total 


1,800 
4,680 


1,800 
4,360 


Assumption : 

Maximum  acreage  disturbed  for  Area  2 
Source: 

PMA,  1983c, d 
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5,2.2.2.4  Average  Annual  Rate  of  Land  Disturbance 

1-10  11-20 

Area  1                  552  584 

Area  2                  300  300 

Assumptions : 
Mining  rates 


5.2.2,2.5  Elevation  of  Mined  Acreage 

Land  Elev.   Expected  Max,   Average  Depth  Elev  of  Mined 
(MSL)        Mine  Depth      of  Mining     Acreage  (MSL) 
Area  1     13-18'         9'  4-5'  7-12" 

Area  2      5-10'         9'  4-5'  1' 

Sources  : 

Elevations  -  see  Figure  5C 
Mining  Permit  Applications 
WTF  Mining  Permit 
PMA,  1983c 


5.2.2.2,6  Undisturbed  Permitted  Acreage  at  Year  20 

Area  1      4,458 

Area  2      1,142  (includes  a  410  acre  conservation  easement- 

to  remain  unmined) 

Total       5,600 

Assumptions : 

Mining  of  Area  1  acreage  is  expected  to  occur  over  a  period 

of  34  years 
Mining  of  Area  2  permitted  acreage  is  expected  to  occur  over 

a  period  of  more  than  20  years 
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5.2.2.3  Mining  and  Processing  Technologies 

5.2.2.3.1  Mining  Technologies  in  Use 

Area  1 

Milled  peat  production  (15,012  acres  permitted) 
Bulldozer,  truck,  and  front-end  loader  (98  acres  permitted] 
Scrape  mining  (similar  to  milled  method)  (708  acres 
permitted) 

Area  2 

Milled  peat  production  (7,142  acres  permitted) 

Sources : 

Mining  Permit  Applications 


5.2.2.3.2  Average  Amount  of  Peat  Mined  Per  Year  at  Years 
10  and  20 


Area  1 


Area  2 


Total 


525,000  dry  tons  (875,000  tons  at  40% 

moisture) 

140,000  dry  tons  (235,000  tons  at  40% 

moisture) 

665,000  dry  tons  (1,110,000  tons  at  40% 

moisture) 


Assumptions : 

140  mining  days  per  year  (average) 
Amount  of  peat  mined  is  based  on: 

Area  1:  3,600  dry  tons/day  x  (average)  140  mining 
days-peat  for  methanol  production 
25,00  dry  tons/year-horticultural  peat 
Area  2:  1,000  dry  tons/day  x  (average)  140  mining  days 
Source : 

PMA,  1983d,  p. 14  (harvesting  projected  to  take  place 
142  days  per  year) 
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5.2.2.3.3  Processing  Technologies  in  Use  at  Years  10  and  20 

Area  1 
Conversion  to  methanol  (500,000  dry  tons  per  year) 
Export  as  horticultural  peat  (25,000  dry  tons  per  year) 

Area  2 
Export  to  industry  as  peat  for  fuel  (140,000  dry  tons  per 
year) 

Assumption : 

Area  2:  export  of  peat  to  off-peninsula  industry  for  use 
as  fuel 
Sources  : 

Mining  Permit  Applications 


5.2.2.3.4  Products  from  Mined  Peat:  Type  and  Amount  at  Years  10 
and  20 


Area  1 

methanol 
horticultural  peat 


60  million  gals/year 
25,000  dry  tons/year 


Area  2 

peat  for  industrial  use  (fuel)    140,000  dry  tons/year 

Assumptions : 

Area  1:  methanol  plant  annual  output  is  equivalent  to 

approximately  310  days  per  year  at  full  capacity  requiring 
an  average  of  1,600  dry  tons  peat  per  day  to  produce  an 
average  of  200,000  gallons  of  methanol  per  day 

Area  2:  peat  for  industrial  use  is  mined/produced  140  days 
per  year 
Sources: 

PMA  documents 
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5.2.2.4  Transportation 

5.2.2.4.1  Type  and  Maximum  Volume  of  Transportation  to  and  on 
Site  (Construction  and  Operation) 

Type  Size        Number/day 

Area  1    heavy  duty  trucks    up  to      40  (construction) 

36  tons    13  (operation) 

Area  2    trucks  up  to       5  (operation) 

36  tons 
Assumptions : 

Years  1-3:  construction  ongoing  in  Area  1 
Years  4-20:  no  construction  ongoing  in  Area  1 
No  construction  required  in  Area  2 

Operation  excludes  transportation  of  peat  or  peat  products, 
Refers  primarily  to  transportation  of  slag  and  fly  ash 
(Area  1)  . 
Number  of  trucks  needed  in  Area  2 
Source: 

PMA,  1983J,  p.  25 


5.2.2.4.2  Type  and  Volume  of  Transportation  on  Site  -  Harvesting 
(Years  1-20) 

Type  Volume 

Area  1     tractor  &  carts  233  loads/day  to  methanol 

(15  ton  capacity)  plant  stoarge  pile  or 

shipping  area  for 
horticultural  peat 

Area  2     tractor  and  carts  63  loads/day  to  shipping 

(15  ton  capacity)  area 

Assumptions : 

Assumes  peat  can  be  transported  from  mining  site  to 

processing  plant  or  shipping  area  250  days/year 
Transportation  method  and  capacity  in  Area  2 
Calculations : 

Area  1:  875,000  tons  of  peat  at  40%  moisture  per  year/15 

tons  per  cart/250  days  per  year 
Area  2:  235,000  tons  of  peat  at  40%  moisture  per  year/15 
tons  per  cart/250  days  per  year 
Source : 

PMA,  19831,  p.  22-  peat  to  be  transported  from  the  mining 
site  to  the  plant  stockpile  an  average  of  251  days  per  year 
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5.2.2.4.3  Type,  Volume,  and  Route  of  Transportation  from  Site  - 
Products  at  Years  10  and  20 


Number 
Area  1    27/daY 

Area  2     2/week 


Type 

Size 

Route 

trucks 

36-ton 

Rte  64  to 
Plymouth,  NC 

barges 

1, 500-ton 

IWW 
(south) 

Assumptions : 

Peat  from  Area  2  is  transported  via  barge  through  the  IWW  to 

a  major  industry  off  the  peninsula  (50  weeks/year) 
Horticultural  peat  and  methanol  from  Area  1  is  transported 
to  barge  and  RR  facilities  in  Plymouth,  NC 
Source : 

PMA,  1983J,  pp.  44  &  73 


5.2.2.4.4  Maximum  Distance  (Miles)  Peat  Transported  on  Unpaved 
Roads  on  Site 


Area  1 
Area  2 


at  U 

2.5 

4 


at  20 
4 
4 


Assumptions : 

Distances  for  Area  2 
Source : 

PMA,  1983d,  Fig.  4-1,  general  phases  of  mining  (used 
phase  II  for  at  10/phase  V  for  at  20) 


5.2.2.4.5  Distance  Products  Transported  on  Paved/Unpaved  Roads 
from  Site  (Miles)  Years  1-10 


Area  1 


paved 
19 


unpaved       total      destination 

10      29  (one  way)      Plymouth, 

NC 


Area  2 


0 


0 


Assumptions : 

All  peat  products  from  Area  1  are  transported  to  or  through 
Plymouth,  NC  and  all  peat  from  Area  2  is  transported  to 
a  major  industry  off  the  peninsula  via  barge  on  the  IWW 
(from  a  barge  terminal  adjacent  to  the  raining  site) 
Road  on  northern  edge  of  Area  1  mining  site  remains  unpaved 
Source : 

PMA,  1983J 


5.2.2.5  Water  Management 

5,2.2.5.1  Acreage  of  Sediment,  Evaporation,  and  Other  Temporary 
Ponds  and  Acreage  of  Permanent  Lakes 


1-9 


10-20 


Area  1 
Area  2 


2550  (temp-max 
depth  3') 
0 


1450  (perra-max 
depth  8') 


Assumptions : 

All  drainage  water  from  Area  2  is  discharged  into  IWW/no 
holding  ponds 
Note: 

Area  1:   holding  ponds  located  on  15,012  acre  tract  in 
methanol  production 
Sources : 

PMA,  1983c,  d 
PMA,  19831,  p.  19 
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5.2.2.5.2  Groundwater  Withdrawn  from  the  Quarternary  Shell  Hash 
Unit  for  Processing  at  Years  10  and  20 

Area  1     2.3  rngd 

Area  2     none 

Assumptions : 

Withdrawals  are  made  from  the  Quarternary  Shell  Hash  Unit 
(underlying  Area  1  at  depths  of  40  to  130  feet) 
Sources: 

PMA,  1983i,  p.  74  and  personal  communication  R.  Hornstein, 
Koppers  Company,  Inc. 

5.2.2.5.3  Maximum  Water  Withdrawn  from  the  Surficial  Aquifer 
during  Plant  Site  Preparation  - 

Area  1     3  mgd   (for  a  period  of  two  years) 

Area  2     0  mgd 

Sources: 

PMA  Water  Use  Permit  Applications  and  Permits 

5.2.2.5.4  Water  Balances  for  Mining  Sites 

Condition         Total  Runoff  Subsurface  Surface    Evapo- 
mgy/2000   mgy/1500  Drainage  Runoff    trans- 
acres      acres  (in  /in  )  (in  /in  )  piration 
(Area  1)   (Area  2)  (in  /in  ) 

Pre-mining      1046       784         11.2        8.0      29.2 
(disturbed) 

Pre-mining       778       591         11.1        3.4      33.9 
(shrub) 

During  mining   1336      1002  6.5       18.0 

After  mining     808       606  6.8         8.0      33.6 

(agriculture 
330'  spaced 
drainage  ditches) 

Note: 

Data  based  on  15  year  averages  of  computer  simulations  using 
weather  data  from  Elizabeth  City  weather  station.   Annual 
average  rainfall  for  the  15  years  used  is  48.4''. 
Source: 

R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng.,  NCSU 
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5.2.2.5.5  Mined  and  Reclaimed  Acreage  from  Which  Drainage 
Water  is  Being  Pumped  during  Mining  (Cumulative) 


0-5 

Area  1 

3,080 

Area  2 

1,500 

Total 

4,580 

5-10 

10-15 

15-20 

5,520 

8,920 

11,360 

3,000 

4,500 

6,000 

8,520 

13,420 

17,360 

Assumptions : 

All  disturbed  acreage  requires  pumping  during  mining  (i.e., 
drainage  water  from  all  lands  gravity  drains  to  lowest 
points  on  the  mining  sites  and  is  pumped  into  lakes  or 
canals) 

All  reclaimed  acreage  requires  pumping 

Acreage  figures  do  not  include  unmined  land  which  may  drain 
into  the  low  points  depending  on  the  location  of  the 
unmined  land  relative  to  the  sites  being  mined 
Sources  : 

L.  Otte,  Geol.  Dept.,  ECU 

R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng.,  NCSU 


5.2.2.5.6  Maximum  Changes  in  Surficial  Groundwater  at  the 
Mine  Sites 

Areas  1  and  2 
In  areas  where  peat  is  removed,  groundwater  levels  will 
decline  by  the  depth  of  peat  mined.   If  vegetation  is 
replanted,  groundwater  level  will  drop  an  additional  foot. 

Source: 

R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng.,  NCSU 

Area  1 
Projected  maximum  effects  of  mining  operations  on  water 
levels  along  the  northern  edge  of  the  mining  site  are  a 
decline  of  about  3.5'  in  the  Fine  Sand  Unit  and  2.5'  in  the 
Shell  Hash  Unit. 


Source : 

PMA,  1983k,  p.  84 
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5.2.2.5.7  Drainage  and  Runoff  Waters  from  All  Mined  and 
Reclaimed  Lands:  Direction  of  Flow/Receiving 
Body  of  Water 


1-10 
Area  1     All  runoff  to  temp,  lagoons 
or  central  lake  to  Canal 
B  to  Pungo  River 
(Mean  annual  discharge 
from  holding  ponds:  8  cfs 
Max.  runoff:  59.6  cfs) 


11-20 
All  runoff  to  central 
lake  to  Canal  B  to 
Pungo  River 

(Mean  annual  discharge 
from  lake:  35.3  cfs 
Max.  runoff:  151  cfs) 


Area  2 


Mine  site  to  IWW 


Same  as  1-10 


Assumpt 
Drain 
drai 
Area 
low 
cent 
Area 
Sources 
PMA, 
WTF  N 
PMA, 


ions  : 

age  systems  on  all  mined  lands  similar  to  agricultural 

nage  systems  in  use  throughout  the  coastal  area  of  NC 

1:  Water  will  drain  from  disturbed  areas  by  gravity  to 

points  from  which  it  will  be  pumped  to  lagoons  or  a 

ral  lake 

2:  Water  will  be  discharged  into  IWW 

1983f,  p.  6-74 
PDES  Permit 
1983i,  p.  91 
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5.2.2.5.8  Quality  of  Runoff  from  Mining  Sites  (Areas  1  and  2) 

Source  Water  Parameters  (all  units  except  pH  in  mg/1 

Type  (ppm)  +/-  approx.  S.E.) 

DO  pH  TSS       CN~      SCN" 

<0.005       2 

+/-0.7 


1  Drainage 

3 

4.  2 

25 

(Measured 

+/-0.6 

+/-0.4 

+  /- 

in  existing 

canals) 

2  Drainage         -         4.3-8.5        100 
(Mean  effluent  (200  max) 
character i sties 

projected  from 
harvesting) 

3  Processing        7         6-9  -       0.002 
Effluent      (80%  sat. 

at  20  C) 


4  Storm  -  6-9  50 


5  Drainage 
("natural 
peatlands"; 


6  Drainage         -  -  - 

(peatlands 
converted  to 
pasture) 

Note : 

Abbreviations  may  be  found  in  Appendix  10.10 
Sources : 

1-  PMA,  1983f,  Appendix  A 

2,3,4-  PMA,  1983f 

5,6-  Skaggs  et  al.,  1980 

7-  NRCD  unpublished  data 
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5.2.2.5.8  (Continued) 

Source   Water  Parameter 

Type  (mg/l  (ppm)  +/-  approx,  S.E.) 

Cl"      Fl" 


S04 

NH^-N 

NO^-N 

12 
/-2 

1.0 
+/-0.2 

0.01 

1  Drainage        12        0.1 

+/-2     +/-0.02     +/-2 


2  Drainage         -  -        -  0.96 

3  Process         -         1.4      -  - 


5  Drainage         2.2  -        -         0.11 

+/-0.01 


6  Drainage        9.2     ■    -       -        0.36 

+/-0.04 


NO,-N     Kjd-N   Tot  Org-N    Ortho-P    Tot-P 

1  Drainage         0.01      3.5       2  0.2        0.3 

+/-0.4   +/-0.2       +/-0.04   +/-0.03 


2  Drainage  _        _        _  0.01 


3  Process  -       -       -  -       0.5 


5  Drainage        0.03      1.18      1.20         -      0.006 
+/-0.01   +/-0.04   +/-0.03  +/-0.01 


6  Drainage        0.24      1.68      1.92  -        2.36 

+/-0.07   +/-0.04    +/-0.09  +/-0.21 

Note : 

Abbreviations  may  be  found  in  Appendix  10.10 
Sources  : 

1-  PMA.  1983f,  Appendix  A 

2,3,4-  PMA,  1983f 

5,6-  Skaggs,  et  al.,  1980 

7-  NRCD  unpublished  data 
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5.2.2.5.8  (Continued) 

Source   Water  Parameter 

Type  (mg/1  (ppm)  +/-  approx.  S.E.) 

5  Day  BOD     As         Sb        Ca       Cd      Cu 

1  Drainage      2.5     <0.02       <0.02      10      0.002   0.01 

+  /-4 


2  Drainage       4  -         -  -        -    0.02 

(max  6) 


3  Process        6        0.003        -  -     0.001 

5  Drainage       -  -         -        1.4    <0.01    0.012 

6  Drainage       -  -         -       10.4    <0.01    0.009 

Fe*     Cr  Mn        Mg     Pb**     Hg 

1  Drainage        5      0.005       0.03 

+/-1.3 

2  Drainage        4.9      -  - 

3  Process     <0.001     0.01        0.02         -   <0.001    0.00021 

5  Drainage     0.63        -         0.003       0.5 

6  Drainage     1.66        -         0.027       2.5 

7  ?  -  -  _         _      _     <0.0002 

Notes : 

*   >  criterion  (1  &  2) 

**  much  variation,  sometimes  >  criterion  (0.03?) 
Abbreviations  may  be  found  in  Appendix  10.10 
Sources : 

1-  PMA,  1983f,  Appendix  A 
2,3,4-  PMA,  1983f 
5,6-  Skaggs  et  al.,  1980 
7-  NRCD  unpublished  data 
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3 

+  /-1 

0.02           0.001 
+/-0.002 

"ambient" 

5.2.2.5.8  (Continued) 

Source   Water  Parameter 

Type  (mg/l  (ppm)  +/-  approx.  S.E.) 

Ni      Se      Ag      Na     Zn      Co      Be     D.S. 

1  Drainage    <0.01  <0.001  <0.001    6     0.08    <0.01     -      250 

3  Process     0.07  0.001    -         -     0.09  <0.001  <0.005   4500 

5  Drainage     _  _       _         3.7   0.01      -,      - 

6  Drainage     _  _      _        5.1   0.02      _     _     _ 


Note: 

Abbreviations  may  be  found  in  Appendix  10. 1( 
Sources  : 

1-  PMA,  1983f,  Appendix  A 

2,3,4-  PMA,  1983f 

5,6-  Skaggs  et.al.,  1980. 

7-  NRCD  unpublished  data 


5.2.2.5,9  Wastewater  Treatment:  Source/Rate/Route  of  Effluent 
Discharge/Receiving  Body  of  Water  at  Years  10  and  20 

Source  Average       Route     Receiving 

Daily  Discharge         Water  Body 

Area  1   Methanol  plant   870,000  gal/day    Canal  B     Pungo  R. 


Area  2     none 

Assumption : 

No  processing  occurs  in  Area  2 
Source : 

PMA,  1983i 
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5.2.2.5.10  Flood  Gates/Flood  Control  Measures 

Area  1 
No  flood  gates  constructed  because  of  elevation  of 
permitted  land 

Area  2 
Flood  gates  constructed  at  all  drainage  outlets  from  mining 
sites  to  permit  site  drainage  but  prevent  entry  of  water 
from  IWW 

Assumptions : 

Flood  gates  constructed  in  Area  2 
Sources : 

WTF  Mining  Permit 

R.  Hornstein,  Koppers  Co.,  Inc. 


5.2.2.5.11  Elevation  of  Dikes  Around  Mined  Areas/Storage  Ponds 
and  Lakes 

at  10  at  20 

Area  1  20'  MSL  20'  MSL  around  central  lake 

around  temp  ponds 

Area  2  no  dikes  8'  MSL  around  eastern  end 

of  mine 
Sources : 

PMA,  1983d 

WTF  Mining  Permit 


5.2.2.5.12  Probability  of  Hurricane  Flooding  in  100-year 
Floodplain  at  Years  10  and  20 

Area  1 
Not  susceptible  to  flood  inundation  caused  by  wind  tides 
having  a  1%  chance  of  being  equalled  or  exceeded  in  any  one 
year 

Area  2 
Approximately  half  the  area  is  susceptible  to  flood 
inundation  caused  by  wind  tides  having  a  1%  chance  of  being 
equalled  or  exceeded  in  any  one  year  (without  protective 
barr  iers) 

Source : 

Figure  5D 
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Figure  5D:   Area  subject  to  flood  inundation  caused 

by  wind  tides  having  a  1%  chance  of  being 
equalled  or  exceeded  in  any  one  year 

(from  Wilder,  Robison  and  Lindskov,  1978) 
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5.2.2.5.13  Change  in  Groundwater  Recharge  Rate  to  the  Castle 

Hayne  Aquifer  Resulting  from  Land  Clearing  and  Mining 
Activities.   Values  are  Average  Changes  in  Recharge 
Rates  Over  the  Entire  Acreage  for  Each  Area. 

1-10  11-20  Over  20years 

Area  1      -0.0005  in/yr        -0.0002  in/yr      -0.0007  in/yr 
(-5.2%)  (-7.2%) 

-66gpd  -230  gpd  -830  gpd 

Area  2      -0.0007  in/yr        -0.0001  in/yr      -0.0009  in/yr 
(-7.6%)  (-8.8%) 

-400  gpd  -60  gpd  -460  gpd 

Notes  : 

Rate  at  year  0  =  0.01  in/yr 
Change  in  rate  is  noted  in  parentheses 
Assumptions : 

Assumes  layers  are  isolated  laterally  (i.e.,  essentially  a 

vertical  system) 
Stratigraphy  for  all  areas  similar  to  that  found  for  First 

Colony  Farms  (Area  1) 
Depth  of  mining  operations  for  all  areas  similar  to  that 
proposed  by  PMA  (Area  1) 
Source : 

Foutz,  1983. 


5.2.2.5.14  Salt  water  Encroachment  in  Shallow  and  Deep  Aquifers 

Areas  1  and  2 
No  significant  lateral  movement  in  the  freshwater/saltwater 
interface.   Since  there  is  already  a  wide  diffused  zone 
ranging  from  salt  to  fresh  water,  the  anticipated  change  in 
head  due  to  withdrawals  (a  few  feet)  is  not  expected  to 
significantly  change  the  location  of  this  diffused  zone 

Sources  : 

P.  Nelson,  Groundwater  Section,  DEM,  NRCD 
PMA,  1983k 


5.2.2.5.15  Revegetation  of  Canal/Ditch  Banks 

Revegetation  is  completed  following  ditch  maintenance  and  as 
part  of  reclamation 

Assumption: 

All  of  the  above 
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5.2.2.5.16  Erosion  and  Sediment  Control  Measures 

Adequate  mechanical  barriers  including  but  not  limited  to 
diversions,  settling  ponds,  earthen  dikes,  brush  barriers, 
silt  check  dams,  silt  retarding  structures;  rip  rap  pits  or 
ditches  provided  in  the  initial  stages  of  any  land  disturbance 
to  prevent  sediment  from  discharging  onto  any  adjacent  surface 
areas  or  into  any  lake  or  natural  watercourse  in  proximity  to 
the  affected  land. 

Assumptions : 

All  of  the  above 


5.2.2.5.17  Buffer  Strips  Adjacent  to  Estuaries/Lakes/Rivers  at 
Years  10  and  20 

Area  1  2000 '  tree  buffer  between 

site  and  Phelps  Lake 

Area  2  300'  between  site  and  IWW 

Note:   2000'  tree  buffer  in  Area  1  is  outside  permitted  area 
Sources  : 

PMA,  1983f 

WTF  Mining  Permit 
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5.2.2.6  Air  Quality  Management 


5.2.2.6.1  Off-property  Fugitive  Dust  Concentrations  Resulting 
from  Mining  and  Processing  Operations  at  Years  10 
and  20 

With  adequate  buffer  strips,  mining  in  Areas  1  and  2  is  not 
anticipated  to  exceed  air  quality  standards. 

Notes  : 
NC  Air  Quality  Standards 
Area  1  (15,012  acre  tract) 

Annual  Standard  for  Particulate  -  75  .,^g/M' 
24-Hour  Standard  for  Particulate  -  150  ^g/M' 
Area  1  (all  other  acreage)  and  Area  2  ^ 

Annual  Standard  for  Particulate  (Class  I)  -  5  Mg/M 
24-Hour  Standard  for  Particulate  (Class  I)  - 

10  -«g/M 
Annual  Standard  for  Particulate  (Class  II)  - 

19  Mq/n 
24-Hour  Standard  for  Particulate  (CLass  II)  - 

37  ^g/M 
Class  I  -  protected  areas  having  air  cleaner  than  the 
National  Ambient  Standard  (Swanquarter 
National  Wildlife  Refuge  is  the  only  Class  : 
area  on  the  Albemarle-Pamlico   Peninsula) 
Class  II  -  other  areas  having  air  cleaner  than  the 

National  Ambient  Standard 
,^<.g/M   =  micrograms  per  cubic  meter 
Source: 

M.  Sewell,  Air  Quality  Section,  DEM,  NRCD 


5.2.2.6.2  Mitigation  Measures  for  Fugitive  Dust  Emissions  from 
Transportation  of  Peat  in  Use  at  Years  10  and  20 

Area  1 

restricted  speed  limits 
paving  or  watering  of  roadways 
tree  buffer  strips 

Area  2 

restricted  speed  limits 
tree  buffer  strips 

Assumptions : 

All  of  the  above 
Source : 

PMA,  1983J,  p.  78 
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5.2.2.7  Solid  Waste  Management 

5,2.2.7.1  Amount  of  Non-hazardous  Waste  Generated  (Years  1-20) 

Area  1     53,000  tons/yr  (851,000  tt^/yr*) 

(non-burnable  material  from  methanol  production 
including  27,000  tons/year  of  slag  and  fly  ash) 

Area  2     negligible 


Assumptions: 

*  Assumes  a  bulk  density  of  0.062  tons/ft 
No  significant  amount  non-hazardous  waste  generated 
in  Area  2 

Source: 

PMA,  1983h,  Fig.  1 


5.2.2.7.2  Amount  of  Hazardous  Waste  Generated  (Years  1-20) 

3 
Area  1     1,000  ft  /yr  (does  not  include  catalysts 

recycled) 

8,100  gals/yr  waste  oils 

Area  2     none 

Assumption : 

No  hazardous  wastes  generated  in  Area  2  since  no  peat  will 
be  processed  on  site 
Source: 
PMA,  1983h 


5.2.2.8  Wildlife  Mitigation  Measures 

5.2.2.8.1  Permitted  Acreage  Restored  to  Native  Vegetation 
(Buffer  Strips) 

see  section  5.2.2.10.6 

Assumption : 

20%  mined/reclaimed  land  required  re-established  to  native 
vegetation  or  low  intensity  managed  forest  for  buffer  strips 
Source: 

D.  Owens,  Office  of  Coastal  Management,  NRCD 
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5.2,2.8.2  Location  of  Native  Vegetation  Buffer  Strips  on 
Permitted  Areas  at  Years  10  and  20 

see  Figure  5E 

Source: 

PMA,  1983c,  d 


5.2.2.9  Fire  Protection  Measures 

5.2.2.9.1  Source  and  Volume  of  Water  for  Fire  Suppression 

1-10  11-20 

Area  1  Canals,  lagoons-  Central  lake  (5  blocks] 

14  unharvested  blocks  (12,000  ac-ft) 

in  use  as  water  storage 
reservoirs 

Area  2  Fire  protection/waterfowl      same  as  at  10 
impoundment 

Source: 

PMA,  1983c,  pp.  13,  37 


5.2.2.9.2  Water  Control  Structures  for  Areas  Not  Being  Mined 

Structures  installed  to  prevent  gravity  drainage  from  lowering 
water  level  lower  than  1'  below  ground  level  on  lands  not 
being  actively  mined.  These  structures  have  capacity  to  retain 
sufficient  water  to  flood  or  saturate  peat  soil  to  or  slightly 
above  ground  level. 

Assumptions : 

All  of  the  above 
Sources  : 

PMA,  1983c,  p.  13 

WTF  Mining  Permit 
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^ — =_ 

V300'    buffer   stri 


Assumptions : 

1/2  mi.  buffer  along  major  bodies  of  water 

1/2  mi.  wildlife  corridors  between  natural  areas 
(corridor  can  be  mined  if  equivalent  area  maintaine"c 
in  native  vegetation,  i.  e.,  corridor  is  movable) 

300'  buffer  strips  running  N-S  along  oae  side  of  major  canals 

20'  buffer  strips  running  E-W  along  one  side  of  roads  and  smaller 
canals 

scale:  1"-2,000' 


Fieure     5E:       Schematic    of    tvpical   'wildlife   buffer   plan 
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by  10 

Area  1 

2,020 

Area  2 

1,500 

Total 

3,500 

5.2.2.10  Reclamation 

5.2.2.10.1  Mined  Acreage  Legally  Required  to  be  Reclaimed 
(Cumulative) 

by  20 
7,980 

4,500 

12,480 

Assumptions : 

NRCD  requirement  that  mined  areas  be  reclaimed  within  2 

years  of  completion  of  mining  is  met 
All  legally  reclaimable  land  reclaimed  on  schedule  (refers 

to  sections  5.2.2.10.3-5.2.2.10.8) 
Reclamation  schedule  for  Area  2  and  part  of  Area  1 
Source : 

PMA,  1983d,  Fig.  2-10 


5.2.2.10.2  Percentage  of  Total  Reclaimed  Land  in  Various  Types 
of  Reclamation 

Area  1  Area  2 

by  10  by  20  by  10  and  20 

Row  crops  with  pumping           8  62  78 

Row  crops  without  pumping        0  0  0 

Pine  plantations               10  10  10 

Restored  native  veg .           10  10  10 

Open  water                      72  18  0 

Grass  replanted                  0  0  2 


Assumptions : 

Native  vegetation  restored  in  buffer  strips  as  shown  in 

Figure  5E 
Pumping  required  in  all  reclaimed  farmland 
Reclamation  activities  -  percentages 
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5.2.2.10.3  Mined  Acreage  in  Row  Crops  with  Pumping  (Cumulative) 

by  20 
4,930 

3,510 

8,440 


Area  1 

by  10 
162 

Area  2 

1,170 

Total 

1,332 

Calculations : 

Sections  5.2.2.10.3-5.2.2.10.8  calculated  based  on  %  in 
section  5.2,2.10.2  and  acreages  in  section  5.2.2.10.1 


5.2.2.10.4  Mined  Acreage  in  Row  Crops  Without  Pumping 
(Cumulative) 


Area  1 
Area  2 

Total 


by  10 


by  20 
0 

0 

0 


5.2.2.10.5  Mined  Acreage  in  Pine  Plantations  (Including 
Vegetative  Buffer  Strips)  (Cumulative) 


Area  1 
Area  2 
Total 


by  10 
202 

150 

352 


by  20 
798 

450 

1,248 


5. 2. 2. 10. 6  Mined  Acreage  Restored  to  Native  Vegetation 
(Buffer  Strips)  (Cumulative) 


Area  1 
Area  2 
Total 


by  10 
202 

150 

352 


by  20 
798 

450 

1,248 
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Area  1 

by  10 
1,454 

Area  2 

0 

Total 

1,454 

5.2.2.10.7  Mined  Acreage  in  Open  Water  Reclamation 

With/Without  Marshes  and  Islands  (Cumulative) 

by  20 
1,454 

0 

1,454 


5.2.2.10.8  Mined  Areas  Replanted  to  Grass  (Cumulative) 

by  10  by  20 

Area  1             0  0 

Area  2            30  90 

Total             30  90 


5.2.2.10.9  Unreclaimed  Mined  Acreage  Not  Yet  Legally  Required 
to  be  Reclaimed  (Cumulative) 

by  20 
3,380 

1,500 

4,880 


5.2.2.10.10  Unreclaimed  Disturbed  Acreage  Legally 
Required  to  be  Reclaimed  (Cumulative) 


Area  1 

Area  2 

Total 

Assumption : 

All  legally  reclaimable  land  reclaimed  on  schedule 


by  10 

Area  1 

3,500 

Area  2 

1,500 

Total 

5,000 

y  10 
0 

by  20 
0 

0 

0 

0 

0 
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5.2.3  Scenario  #2:  Upper  Boundary 

(Static:  at  years  1/10/20  and/or  Cumulative:  years  1-10 
and  11-20) 


5.2.3.1  Permitted  Mining  Activity 
5.2.3.1.1  Permitted  Acreage 

year  1  10 


Area  1 
Area  2 
Area  3 
Area  4 
Total 

Assumptions : 

All  of  the  above 
Source : 

Figure  5F 


20 

30,000 

15,000 
26,000 
13,000 
84,000 


5.2.3.1.2  Location  of  Permitted  Acreage 
see  Figure  5G 

5.2.3.2  Land  Disturbance 

5.2.3.2.1  Acreage  Mined  (Cumulative) 

by  20 
30,000 

15,000 

26,000 

13,000 

84,000 

Assumptions : 

Mining  start  dates  and  rates  occur  as  indicated  in 
Scenario  #2  chart  of  disturbed  acreages 
Source:  Figure  5F 


by  10 

Area  1 

7,500 

Area  2 

3,750 

Area  3 

5,500 

Area  4 

3,400 

Total 

20,150 
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5.2.3.2.2  Average  Acreage  in  Peat  Mining  Production  at  Any 
One  Time 


11-20 
11,250 


Area 

1 

1-10 
3,750 

Area 

2 

1,875 

Area 

3 

2,750 

Area 

4 

1,700 

Total 

10,075 

Source : 
Figure 

5F 

5,625 
10,250 

4,800 
31,925 


5.2.3.2.3  Maximum  Acreage  Disturbed  (in  Preparation  or  Being 
Mined)  at  Any  One  Time 

at  20 
13,500 

6,750 
12,500 

5,750 
38,500 


at  10 

Area  1 

4,500 

Area  2 

2,250 

Area  3 

4,000 

Area  4 

1,900 

Total 

12,650 

Source : 

Figure 

5F 
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5.2.3.2.4  Average  Annual  Rate  of  Land  Disturbance 


1-5 

Area 

1 

600 

Area 

2 

300 

Area 

3 

300 

Area 

4 

300 

6-10 
900 

450 

800 

380 


11-15 
1,800 

900 

1,600 

770 


16-20 
2,700 

1,350 

2,  500 

1,150 


Assumptions : 
Mining  rates 

Source : 

Figure  5F 


5.2.3.2.5  Elevation  of  Mined  Acreage 


Land  Elev. 
(MSL) 


Maximum 
Mine  Depth 


Area  1 
Area  2 
Area  3 
Area  4 


13-18' 

5-10' 

<5-15' 

5 '  or  less 


10' 
9' 
8' 

14  • 


Average 
Depth  of 
Mining 
4-5' 

4-6' 

4-6' 

4-8' 


Minimum 
Elev  of  Mined 
Acreage  (MSL) 
4  ' 


1 


below  MSL 


9'  below  MSL 
or  lower 


Sources : 

Maximum  depth  of  peat  deposits  estimated  from  Ingram 

and  Otte,  1982 
Elevations  -  see  Figure  5C 


5.2.3.2.6  Undisturbed  Permitted  Acreage  at  Year  20 
Area  1  0 

Area  2  0 

Area  3  0 

Area  4  0 

Total  0 
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5.2.3.3  Mining  and  Processing  Technologies 

5.2.3.3.1  Mining  Technologies  in  Use 

Area  1 
Milled  peat  production  (28,300  acres  permitted) 
Bulldozer,  truck,  and  front-end  loader  (200  acres  permitted) 
Scrape  mining  (similar  to  milled  method)  (1,500  acres 
permitted) 

Area  2 
Milled  peat  production  (15,000  acres  permitted) 

Area  3 
Milled  peat  production  (26,000  acres  permitted) 

Area  4 
Milled  peat  production  (13,000  acres  permitted) 

Assumption: 

Hydraulic  mining  not  in  use/feasible 

5.2.3.3.2  Average  Amount  of  Peat  Mined  (dry  tons/yr) 

at  10  at  20 

837,525  2,512,575 


Area  1 
Area  2 
Area  3 
Area  4 
Total 


367,500 

471,900 

432,000 

2,108,925 


1,102,500 
1,758,900 
1,219,000 
6,592,975 


Calculations : 

Area  1:  Estimated  peat  contained  within  area  boundaries  - 
33.5  million  dry  tons 

33.5  million  tons/30,000  ac=l,116.7  tons/ac 
yrs  1-10:  7,500  ac  mined  x  1,116.7  tons/ac/10 

yrs=837,525 
yrs  11-20:  22,500  ac  mined  x  1,116.7  tons/ac/10 

yrs=2 , 512, 575  tons/yr 
Area  2:  Estimated  peat  contained  within  area  boundaries  - 
14.7  million  dry  tons 

14.7  million  tons/15,000  ac=980  tons/ac 
yrs  1-10:  3,750  ac  mined  x  980  tons/ac/10 

yrs=367,500  tons/yr 
yrs  11-20:  11,250  ac  rained  x  980  tons/ac/10 

yrs=l,102,500  tons/yr 
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5.2.3.3.2  (Continued) 

Area  3:  Estimated  peat  contained  within  area  boundaries 
22.3  million  dry  tons 

22.3  million  tons/26,000  ac=858  tons/ac 
yrs  1-10:  5,500  ac  mined  x  858  tons/ac/10 

yrs=471,900  tons/yr 
yrs  11-20:  20,500  ac  mined  x  858  tons/ac/10 
yrs=l,758,900  tons/yr 
Area  4:  Estimated  peat  contained  within  area  boundaries 
16.5  million  dry  tons 

16.5  million  tons/13,000  ac=l,270  tons/ac 
yrs  1-10:  3,400  ac  mined  x  1,270  tons/ac/10 

yrs=432,00  tons/yr 
yrs  11-20:  9,600  ac  mined  x  1,270  tons/ac/10 
yrs=l,219, 000  tons/yr 

Note: 

Tonnages  by  area  roughly  estimated  based  on  data 
provided  by  R.  L.  Ingram  -  square  miles  of  peat 
by  depth  by  USGS  quad  map.   Bulk  density  assumed 
to  be  180  tons/acre-foot. 


5.2.3.3.3  Processing  Technologies  in  Use 

Method 

Area  1 
Conversion  to  methanol 
Export  as  horticultural  peat 


Dry  Tons/Year 
at  10     at  20 

787,273   2,361,821 
50,252     150,754 


Area  2 
Export  to  industry  as  peat 
for  use  as  fuel 


367,500   1,102,504 


Area  3 
Conversion  to  methanol 

Area  4 
Export  to  industry  as  peat 
for  use  as  fuel 


471,900   1,758,900 
432,000   1,219,000 


Calculations : 

see  section  5.2.3.3.2 
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5.2.3.3.4  Products  from  Mined  Peat:  Type  and  Amount 

at  10  at  20 

Area  1 

methanol  94  million  gal/yr     283  million  gals/yr 

horticultural     50,252  dry  tons/yr     150,754  dry  tons/yr 
peat 

Area  2 

peat  for  industrial 
use  (fuel)      367,500  dry  tons/yr   1,102,500  dry  tons/yr 


Area  3 

methanol 


57  million  gals/yr    211  million  gals/yr 


Area  4 

peat  for  industrial 
use  (fuel)      432,000  dry  tons/yr   1,219,000  dry  tons/yr 

Assumption : 

8,333  dry  tons  of  peat  produce  1  million  gallons  of 
methanol  (based  on  Scenario  #1,  section  5.2.2.3.4) 


5.2.3.4  Transportation 

5.2.3.4.1  Type  and  Maximum  Volume  of  Transportation  to  and 
on  Site  (Construction  and  Operation) 


Type         Size 
Area  1   heavy  duty       up  to 

trucks  36  tons 


Number/day 

80  (construction) 

26  (operation)  at  year  10 

65  (operation)  at  year  20 


Area  2   trucks 


Area  3   heavy  duty 
trucks 


up  to       10  (operation)  at  year  10 

36  tons     30  (operation)  at  year  20 

up  to       75  (construction) 

36  tons     25  (operation)  at  year  10 

65  (operation)  at  year  20 


Area  4   trucks  up  to       10  (operation)  at  year  10 

36  tons     33  (operation)  at  year  20 
Assumptions : 

Areas  2  and  4:  no  construction  required 
Areas  1  and  3:  construction  ongoing  years  1-10 
Years  11-20:  no  construction  ongoing 

Operation  excludes  transportation  of  peat  or  peat  products, 
For  Areas  1  and  3  refers  primarily  to  transportation  of 
slag  and  fly  ash 
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5.2.3.4.2  Type  and  Volume  of  Transportation  on  Site  -  Harvesting 


1-5 


Type 
Area  1     tractor  &  carts 
(15-ton  capacity] 


Area  2     same  as  above 


Area  3      same  as  above 


Area  4      same  as  above 


Volume 
233  loads/day  to 
plant  storage 
pile 

98  loads/day  to 
shipping  area 

126  loads/day  to 
plant  storage 
pile 


115  loads/day  to 
shipping  area 
Assumptions : 

Assumes  peat  can  be  transported  from  mining  site  to 

processing  plant  or  shipping  area  250  days/year 
Years  6-20:  switch  to  conveyers  for  transportation  of 
peat  to  plant  storage  piles  or  shipping  areas  (all  Areas) 

Source : 

PMA,  1983i,  p.  22  peat  to  be  transported  from  the  mining 
site  to  the  plant  stockpile  an  average  of  251  days  per 
year 


5,2.3.4.3  Transportation  from  Site  -  Products  at  Years  10  and  20 


Area  1 
Area  2 
Area  3 
Area  4 


Type 
pipel ines 

barges 

pipelines 

barges 


Route 
to  Plymouth,  NC 

IWW  (south) 

to  Plymouth,  NC 

IWW  (south) 


Assumptions : 

Peat  from  Areas  2  +  4  is  transported  via  barge  through  the 
IWW  to  major  industries  off  the  peninsula 
Methanol  from  Areas  1  +  3  is  transported  via  pipeline  to 
barge  and  RR  facilities  in  Plymouth,  NC 
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5.2.3.4.4  Maximum  Distance  (Miles)  Peat  Transported  on  Unpaved 
Roads  on  Site  (Years  1-5) 


Area  1 
Area  2 
Area  3 
Area  4 


5 
8 
6 
8 


Assumption : 

Years  6-20:  conveyers  in  use  for  transportation  of  peat  in 
all  areas 


5.2.3.4.5  Maximum  Distance  Products  Transported  on  Paved/Unpaved 
Roads  from  Site  (Miles) 


paved 


Area  1 
Area  2 
Area  3 
Area  4 


0 


1 

unpav 

-10 
ed 

total 

destination 

0 

0 

Plymouth,  NC 

0 

0 

off  peninsula 

0 

0 

Plymouth,  NC 

0 

0 

off  peninsula 

Assumptions : 

All  peat  products  from  Areas  1+3  are  transported  by 
pipeline  to  Plymouth,  NC  and  all  peat  from  Areas  2+4 
is  transported  to  industries  off  the  peninsula  via 
barge  on  the  IWW   (from  barge  terminals  adjacent  to 
the  mining  sites) 
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5.2.3.5  Water  Management 

5.2.3.5.1  Acreage  of  Sediment,  Evaporation,  and  Other  Temporary 
Ponds  and  Acreage  of  Permanent  Lakes 

11-20 
2,900     (perm) 

0 

0 

4,280     (perm) 

Assumptions : 

All  drainage  water  from  Area  2  is  discharged  into  IWW/ 

no  holding  ponds 
Area  1:  2  x  Scenario  #1 
Area  3:  no  holding  ponds:  sheet  flow  through  wetlands 

utilized 
Area  4:  reclamation  is  open  water 


1-10 

Area 

1 

5, 

000  (temp) 

Area 

2 

0 

Area 

3 

0 

Area 

4 

1, 

954  (perm) 

5.2.3.5.2  Groundwater  Withdrawn  from  the  Quarternary  Shell  Hash 
Unit,  Yorktown  Formation,  or  Castle  Hayne  Aquifer 
for  Processing 


Area  1 
Area  2 
Area  3 
Area  4 


at  10 
3 . 7  mgd 

none 

2.2  mgd 

none 


at  20 
10.9  mgd 

none 

8  mgd 

none 


Assumptions:  -? 

At  year  10: 

Area  1:  methanol  production  160%  x  Scenario  #1  (Area  1) 

Area  3:  methanol  production  95%  x  Scenario  #1  (Area  1) 

At  year  20: 

Area  1:  methanol  production  472%  x  Scenario  #1  (Area  1) 

Area  3:  methanol  production  351%  x  Scenario  #1  (Area  1) 


5.2.3.5.3  Maximum  Water  Withdrawn  from  the  Surficial  Aquifer 
During  Plant  Site  Preparation 

Area  1  3  mgd   (for  a  period  of  ten  years) 

Area  2  0  mgd 

Area  3  3  mgd   (for  a  period  of  ten  years) 

Area  4  0  mgd 

Assumptions : 

Methanol  plants  under  construction  or  expansion  during 
years  1-10  in  Areas  1  and  3 


5.2.3.5.4  Water  Balances  for  All  Mining  Sites 

Condition     Total  Runoff   Subsurface    Surface     Evapo- 
mgy/2000     Drainage       Runoff-    trans- 
acres      (in  /in  )      (in  /in  )  piration 

(in  /in  ) 

Pre-mining       1046         11.2  8.0        29.2 

(disturbed) 

Pre-mining        788         11.1  3.4        33.9 

(shrub) 

During  mining    1336         6.5  18.0 

After  mining      808  6.8  8.0        33.6 

(agr  iculture- 
330  '  spaced 
drainage  ditches) 

Note : 

Data  based  on  15  year  averages  of  computer  simulations  using 
weather  data  from  Elizabeth  City  weather  station.   Annual 
average  rainfall  for  the  15  years  used  was  48.4  inches. 

Source : 

R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng .  ,  NCSU 
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5.2.3.5.5  Mined  and  Reclaimed  Acreage  from  Which  Drainage  Water 
is  Being  Pumped  During  Mining  (Cumulative) 


0-5 

5-10 

10-15 

15-20 

Area  1 

3,000 

7,500 

16,500 

30,000 

Area  2 

1,500 

3,750 

8,250 

15,000 

Area  3 

1,500 

5,500 

13,500 

26,000 

Area  4 

1,500 

1,900 

3,850 

5,750 

Total 

7,500 

18,650 

42,100 

76,750 

Assumptions : 

All  disturbed  acreage  requires  pumping  during  mining  (i.e., 

drainage  water  from  all  lands  gravity  drains  to  lowest 

points  on  the  mining  sites  and  is  pumped  into  lakes  or 

canals) 
Acreage  figures  do  not  include  unmined  land  which  may  drain 

into  the  low  points  depending  on  its  location  relative  to 

the  sites  being  mined 
Area  4  reclamation  is  primarily  open  water,  so  pumping  is 

not  required  after  mining  ends. 
Area  1,2  +  3  reclamation  is  primarily  agriculture,  so 

pumping  is  required  after  mining  ends. 


5.2.3.5.6   Maximum  Changes  in  Surficial  Groundwater  Levels  Due 
to  Mining  Operations  in  the  Immediate  Vicinity  of 
the  Mine  Site 

All  areas: 

Groundwater  levels  will  decline  in  the  immediate  vicinity  of 
the  mine  by  the  depth  of  peat  mined.   If  vegetation  is 
replanted,  groundwater  level  will  drop  an  additional  foot. 

Source: 

R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng.,  NCSU 
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5.2.3.5.7  Drainage  and  Runoff  Waters  from  All  Mined  and 
Reclaimed  Lands:  Direction  of  Flow/Receiving 
Body  of  Water 

1-10  11-20 

Area  1   all  runoff  to  temporary    all  runoff  drains  by  gravity 
lagoons  to  Canal  B  to      to  a  point  near  the  central 
Pungo  River  lake  (pumped  into  lake)  from 

which  it  is  discharged  into 
Canal  B  to  Pungo  River 

Area  2    mine  site  to  IWW  same  as  1-10 

Area  3    mine  site  through  wetlands    same  as  1-10 
to  tributaries  of  the 
Alligator  River 

Area  4    all  runoff  into  same  as  1-10 

permanent  lakes 

Assumptions : 

Drainage  systems  on  all  mined  lands  similar  to  agricultural 

drainage  systems  in  use  throughout  the  coastal  area  of  NC 

Capacity  of  Canal  B  is  increased  to  handle  greater  flows 


5.2.3.5.8  Quality  of  Runoff  from  All  Mining  Sites 
(Areas  1,  2,  3,  and  4) 

see  section  5.2.2.5.8 


5.2.3.5.9  Wastewater  Treatment:  Source/Rate/Route  of  Effluent 
Discharge/Receiving  Body  of  Water  at  Years  10  and  20 

Source  Average  Daily    Route    Receiving  Body 

Discharge 
(mgd) 
at  10   at  20 
Area  1   Methanol  plant     1.4     4.1     Canal  B     Pungo  R. 

or  other 
canals 


Area  2     none 


Area  3   Methanol  plant     0.8     3.1    Wetlands   Alligator  R, 

tributaries 
Area  4     none 

Assumptions : 

Same  as  section  5.2.3.5.2 
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5.2.3.5.10  Flood  Gates/Flood  Control  Measures 

Area  1 
No  flood  gates  constructed  beause  of  elevation 

Areas  2,  3  and  4 
Flood  gates  constructed  at  all  drainage  outlets  from  mining 
sites  to  permit  site  drainage  but  prevent  entry  of  water 
from  water  bodies  receiving  drainage 


5.2.3.5.11  Elevation  of  Dikes  Around  Mined  Areas/Storage  Ponds 
and  Lakes 

at  10  at  20 

Area  1  20'  MSL  20'  MSL 

around  temp  ponds        around  central  lake 

Area  2       dikes  and  flood  gates  built  at  elevation  of 
100-yr  storm 

Area  3        same  as  Area  2 

Area  4        same  as  Area  2 


5.2.3.5.12  Probability  of  Hurricane  Flooding  in  50-  and  100-year 
Floodplains  (at  Years  10  and  20) 
Area  1 

Not  susceptible  to  flood  inundation  caused  by  wind  tides 
having  a  1%  chance  of  being  equalled  or  exceeded  in  any  one 
year 

Area  2 

Approximately  50%  susceptible  to  flood  inundation  caused  by 
wind  tides  having  a  1%  chance  of  being  equalled  or  exceeded 
in  any  one  year  (without  protective  barriers) 

Area  3 

Approximately  75%  susceptible  to  flood  inundation  caused  by 
wind  tides  having  a  1%  chance  of  being  equalled  or  exceeded 
in  any  one  year  (without  protective  barriers) 

Area  4 

100%  susceptible  to  flood  inundation  caused  by  wind  tides 
having  a  1%  chance  of  being  equalled  or  exceeded  in  any  one 
year  (without  protective  barriers) 

Source: 

Figure  5D 
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5.2.3.5.13  Change  in  Groundwater  Recharge  Rate  to  the  Castle 
Hayne  Aquifer  Resulting  from  Land  Clearing  and 
Mining  Activities.   Values  are  Average  Changes  in 
Recharge  Rates  Over  the  Entire  Acreage  for  Each 
Area. 

1-10  11-20  Over  20  yrs 

Area  1     -0.0005  in/yr      -0.0004  in/yr     -0.0009  in/yr 
(-4.8%)  (-9.2%) 

-1050  gpd  -950  gpd  -2000  gpd 

Area  2     -0.0005  in/yr      -0.0004  in/yr     -0.0009  in/yr 
(-4.8%)  (-9.2%) 

-530  gpd  -470  gpd  -1000  gpd 

Area  3     -0.0005  in/yr        -0.0004  in/yr     -0.0009  in/yr 
(-4.8%)  (-9.2%) 

-910  gpd  -840  gpd  -1750  gpd 

Area  4     -0.0005  in/yr        -0.0004  in/yr      -0.0009  in/yr 
(-4.8%)  (-9.2%) 

-950  gpd  -870  gpd  -1820  gpd 

Notes  : 

Rate  at  year  0  =  0.01  in/yr 
Change  in  rate  is  noted  in  parentheses 
Assumptions: 

Assumes  layers  are  isolated  laterally  (i.e.,  essentially 

a  vertical  system) 
Stratigraphy  for  all  areas  similar  to  that  found  for 

First  Colony  Farms  (Scenario  #1/Area  1) 
Depth  of  mining  operations  for  all  areas  similar 
to  that  proposed  by  PMA  (Scenario  #1/Area  1) 

Sources  : 

Foutz,  1983 

Calculations  by  R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng . , 
NCSU 
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5.2.3.5.14  Salt  Water  Encroachment  in  Shallow  and  Deep  Aquifers 

Area  1 

Impact  laterally  insignificant  in  Castle  Hayne,  Tertiary  Sand 

Aquifer  (including  the  Yorktown  Formation),  and  the  Quarternary 

Shell  Hash  Unit.   Greatest  effect  will  occur  if  water  pumped 

from  the  Castle  Hayne  Aquifer,  in  which  case  an  upconing  or 
upwelling  of  brackish  water  may  occur  at  production  wells. 

Localized  effect  causing  at  most  an  increase  in  chloride 
concentrations  of  a  few  mg/1 . 

Area  2 
No  significant  lateral  movement  in  the  freshwater/saltwater 
interface.   (No  pumping  from  deeper  aquifers  for  processing 
water  or  plant  site  dewatering.) 

Area  3 
Impact  laterally  insignificant  in  Castle  Hayne,  Tertiary  Sand 
Aquifer  (including  the  Yorktown  Formation),  and  the  Quarternary 
Shell  Hash  Unit.   Castle  Hayne  Aquifer  is  brackish  in  this  area. 
Greatest  effect  will  occur  if  water  pumped  from  Yorktown  or 
Tertiary  Sand  Aquifers,  in  which  case  an  upconing  or  upwelling 
of  brackish  water  may  occur  at  production  wells.   Localized 
effect  causing  at  most  an  increase  in  chloride  concentrations  of 
a  few  mg/1 . 

Area  4 
No  significant  lateral  movement  in  the  freshwater/saltwater 
interface.   (No  pumping  from  deeper  aquifers  for  processing 
water  or  plant  site  dewatering.) 

Source: 

B.  Jeter,  Groundwater  Section,  DEM,  NRCD 

5.2.3.5.15  Revegetation  of  Canal/Ditch  Banks 

Revegetation  is  completed  following  ditch  maintenance  and  as  part 
of  reclamation 


5.2.3.5.16  Erosion  and  Sediment  Control  Measures 

Adequate  mechanical  barriers  including  but  not  limited  to 
diversions,  settling  ponds,  earthen  dikes,  brush  barriers,  silt 
check  dams,  silt  retarding  structures,  rip  rap  pits  or  ditches 
are  provided  in  the  initial  stages  of  any  land  disturbance  to 
prevent  sediment  from  discharging  onto  any  adjacent  surface  areas 
or  into  any  lake  or  natural  watercourse  in  proximity  to  the 
affected  land. 
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5.2.3.5.17  Buffer  Strips  Adjacent  to  Estuaries/Lakes/Rivers  at 
Years  10  and  20 

Area  1        2000 '  tree  buffer  between 
site  and  Phelps  Lake 

1/2  mile  between  site  and  Alligator  (New)  Lake 

Area  2         300'  between  site  and  IWW 

Area  3         1/2  mile  between  site  and  Alligator  (New)  Lake 

Area  4         1/2  mile  between  site  and  Alligator  R. 

300'  between  site  and  IWW 

Note: 

2000'  tree  buffer  is  Area  1  outside  permitted  area 
Assumption : 

1/2  mile  buffer  between  raining  sites  and  Alligator  River 
is  required  in  mining  permits 

5.2.3.6  Air  Quality  Management 

5.2.3.6.1  Off-property  Fugitive  Dust  Concentrations  Resulting 
from  Mining  and  Processing  Operations  at 
Years  10  and  20 

Assuming  adequate  buffer  strips  and  appropriate  spacing  of 
methanol  plants  (as  determined  necessary  by  computer  simulation) , 
mining  should  not  cause  air  quality  standards  to  be  exceeded. 

Note : 

State  air  quality  standards  (Increments)  ^ 

Annual  Standard  for  Particulate  (Class  I)  -  5  M.g/M 
24-Hour  Standard  for  Particulate  (Class  I)  -  10  ^g/M 
Annual  Standard  for  Particulate  (Class  II)  -  19  ^g/M  ^ 
24-Hour  Standard  for  Particulate  (Class  II)  -  37  ^g/M 
Class  I  -  protected  areas  having  air  cleaner  than  the 

National  Ambient  Standard  (Swanquarter  National 
Wildlife  Refuge  is  the  only  Class  I  area  on 
the  Albemarle-Pamlico  Peninsula) 
Class  II  -  other  areas  having  air  cleaner  than  the  National 

-^       Ambient  Standard 
^g/M   =  micrograms  per  cubic  meter 
Source: 

M.  Sewell,  Air  Quality  Section,  DEM,  NRCD 
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5.2.3.6.2  Mitigation  Measures  for  Fugitive  Dust  Emissions  During 
the  20-year  Period  for  All  Areas: 

restricted  speed  limits 
paving  or  watering  of  roadways 
tree  buffer  strips 


5.2.3.7  Solid  Waste  Management 

5.2.3.7.1  Amount  of  Non-hazardous  Waste  Generated 

1-10  11-20 

Area  1      84,800  tons/yr  _  250,160  tons/yr 

(1.4  million  ft  /yr)        (4  million  ft  /yr) 

Area  2      negligible  same  as  1-10 

Area  3      50,350  tons/yr  186,000  tons/yr 

(0.8  million  ft  /yr)        (3  million  ft  /yr) 

Area  4     negligible  same  as  1-10 

Note: 

Waste  consists  of  non-burnable  material  from  methanol  • 
production  approximately  half  of  which  is  slag  and 
fly  ash 
Assumptions :        ^ 

All  figures  in  ft^  based  on  an  assumed  bulk  density 

of  0.062  tons/ft 
Same  as  section  5.2.3.5.2 

No  significant  amount  of  non-hazardous  waste  generated 
in  Areas  2  and  4 


5.2.3.7.2  Amount  of  Hazardous  Waste  Generated 

1-10  11-20 

Area  1       1,600  ff^/yr  4,720  ft  /yr 

Area  2      none  none 

Area  3       950  ft^^/yr  3,510  ft^/yr 

Area  4       none  none 

Assumptions  : 

No  hazardous  wastes  generated  in  Areas  2+4  since  no  peat 

will  be  processed  on  site 
Same  as  section  5.2,3.5.2 

Excludes  catalysts  recycled  and  waste  oils  (amount  unknown) 
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5.2.3.8  Wildlife  Mitigation  Measures 

5.2.3.8.1  Permitted  Acreage  Restored  to  Native  Vegetation 
(Buffer  Strips) 

See  section  5.2.3.10.6 

Assumption : 

20%  mined/reclaimed  land  required  re-established  to  native 
vegetation  or  low  intensity  managed  forest  for  buffer 
strips 

Source : 

D.  Owens,  Office  of  Coastal  Management,  NRCD 


5i2.3.8.2  Location  of  Native  Vegetation  Buffer  Strips  on 
Permitted  Areas  at  Years  10  and  20 

see  Figure  5E 


5.2.3.9  Fire  Protection  Measures 

5.2.3.9.1  Source  and  Volume  of  Water  for  Fire  Suppression 

1-10  11-20 

Area  1    Canals,  lagoons-  Central  lake  (2900  ac) 

28  unharvested  blocks 
in  use  as  water  storage 
reservoirs 

Area  2     Fire  protection/waterfowl      same  as  at  10 
impoundment 

Area  3     same  as  Area  1  same  as  Area  3  (1-10) 

Area  4     Reclaimed  lakes  same  as  1-10 

5.2.3.9.2  Water  Control  Structures  for  Areas  Not  Being  Mined 

Structures  installed  to  prevent  gravity  drainage  from  lowering 
water  level  lower  than  1 '  below  ground  level  on  lands  not 
being  actively  mined.  These  structures  have  capacity  to  retain 
sufficient  water  to  flood  or  saturate  peat  soil  to  or  slightly 
above  ground  level. 
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by  10 

Area  1 

5,700 

Area  2 

2,850 

Area  3 

3,900 

Area  4 

2,640 

Total 

15,090 

5.2.3.10  Reclamation 

5.2.3.10.1  Mined  Acreage  Legally  Required  to  be  Reclaimed 
(Cumulative) 

by  20 
24,600 

12,300 

21,000 

10,700 

68,600 

Assumptions : 

NRCD  requirement  that  mined  areas  be  reclaimed  within 

2  years  of  completion  of  mining  is  met 
All  legally  reclaimable  land  reclaimed  on  schedule 
(refers  to  sections  5.2,3.10.3-5.2.3.10.8) 
Source: 
Figure  5F 


5.2.3.10.2  Percentage  of  Reclaimed  Land  in  Various  Types  of 
Reclamation  (Cumulative) 

Area  1       Area  2     Area  3    Area  4 

by  10  by  20   by  10+20  by  10+20  by  10  by  20 

Row  crops  with        24      63        78       75       0     0 
pumping 


Row  crops  without 

0 

0 

0 

0 

0 

0 

pumping 

Pine  plantations 

10 

10 

10 

10 

10 

18 

Restored  native  veg , 

10 

10 

10 

10 

10 

18 

Open  water 

51 

12 

0 

0 

74 

40 

Grass  replanted 

5 

5 

2 

5 

2 

2 

Residential  areas 

0 

0 

0 

0 

4 

22 

Assumptions : 

Native  vegetation  restored  in  buffer  strips  as  shown  in 

Figure  5E 
Pumping  in  all  reclaimed  lands  is  required 
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5.2.3.10.3  Mined  Acreage  in  Row  Crops  with  Pumping  (Cumulative) 


Area  1 
Area  2 
Area  3 
Area  4 
Total 


by  10 
1,368 

2,223 

2,925 

0 

6,516 


by  20 
15,543 

9,594 

15,750 

0 

40,887 


Calculations : 

Sections  5.2.3.10.3-5.2.3.10.8  calculated  based  on  %  in 
section  5.2.3.10.2  and  acreages  in  section  5.2.3.10.1 


5.2.3.10.4  Mined  Acreage  in  Row  Crops  Without  Pumping 
(Cumulative) 


by  20 
0 

0 

0 

0 

0 


Area  1 

by  1 
0 

Area  2 

0 

Area  3 

0 

Area  4 

0 

Total 

0 

5.2.3.10.5  Mined  Acreage  in  Pine  Plantations  (Including 
Vegetative  Buffer  Strips)  (Cumulative) 


Area  1 
Area  2 
Area  3 
Area  4 
Total 


by  10 
570 

285 

390 

264 

1,509 


by  20 
2,460 

1,230 

2,100 

1,926 

7,716 
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5.2.3.10.6  Mined  Acreage  Restored  to  Native  Vegetation 
(Buffer  Strips)  (Cumulative) 

by  10  by  20 

Area  1             570  2,460 

Area  2             285  1,230 

Area  3             390  2,100 

Area  4             264  1,926 

Total            1,509  7,716 


5.2.3.10.7  Mined  Acreage  in  Open  Water  Reclamation  With/Without 
Marshes  and  Islands  (Including  Canals)  (Cumulative) 


by  10  by  20 

Area  1           2,907  2,907 

Area  2              0  0 

Area  3               0  0 

Area  4            1,954  4,280 

Total             4,861  7,187 


Mined  Areas  Replanted  to  Grass  (Cumulative) 

by  20 
1,230 

246 
1,050 

214 
2,740 


5.2.3.10.8 

Min 

2d 

Areas 

by  10 

Area 

1 

285 

Area 

2 

57 

Area 

3 

195 

Area 

4 

53 

Total 

590 

100 


5.2.3.10.9  Mined  Acreage  Reclaimed  as  Residential  Areas 
(Cumulative) 


by  20 

0 

0 

0 

2,354 

2,354 


by  10 

Area 

1 

0 

Area 

2 

0 

Area 

3 

0 

Area 

4 

106 

Total 

106 

5.2.3.10.10  Unreclaimed  Mined  Acreage  Not  Yet  Legally  Required 
to  be  Reclaimed  (Cumulative) 

by  20 

5,400 

2,700 

5,000 

2,300 

15,400 


5.2.3.10.11  Unreclaimed  Mined  Acreage  Legally  Required  to  be 
Reclaimed  (Cumulative) 


by  10 

Area 

1 

1,800 

Area 

2 

900 

Area 

3 

1,600 

Area 

4 

760 

Total 

5,060 

Source : 
Figure 

5F 

by  IC 


Area  1 
Area  2 
Area  3 
Area  4 
Total 


by  2C 
0 
0 
0 
0 
0 


Assumption : 

All  legally  reclaimable  acreage  reclaimed  on  schedule 
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5.2.4  Scenario  #3:  Industry  Failure 

(Static:  at  years  1/10/20  and/or  Cumulative:  years  1-10 
and  11-20) 

Note: 
PMA  documents  refer  only  to  15,012  acres  assumed  permitted 
for  methanol  production  (Area  1)  and  not  to  horticultural 
operations . 

5.2.4.1  Permitted  Mining  Activity 

5.2.4.1.1  Permitted  Acreage 

year  1  10  20 

Area  1        15,818 

Area  2         7,142 

Total         22,960 

Assumptions : 

No  further  acreage  is  permitted  during  the  next  20  years, 

Permit  renewals  are  granted  for  continuation  of  mining 
on  already  permitted  acreage 

First  Colony  Farms'  mining  permit  is  transferred  to  PMA 
Sources  : 

Mining  Permits 


5.2.4.1.2  Location  of  Permitted  Acreage 

same  as  section  5.2.2  (see  Figure  5B) 

5.2.4.2  Land  Disturbance 

5.2.4.2.1  Acreage  Mined  (Cumulative) 

by  10  by  20 

Area  1  5520  5520 

Area  2  3000  3000 

Total  8520  8520 

Assumptions : 

Mining  start  dates  and  rates  occur  as  indicated  in  Figure  5H 
Disturbed  acreages:  Area  2  and  Area  1  (horticultural 

operations) 
All  mining  operations  fail  at  year  10 

Source:  Figure  5H 
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5.2.4.2.2  Average  Acreage  in  Peat  Mining  Production  at  Any  One 
Time 


1-10 

Area  1 

2000 

Area  2 

1500 

Total 

3500 

Source: 

Section 

5. 

2. 

2 

.2.2 

11-20 

0 

0 

0 


5.2.4.2.3  Maximum  Acreage  Disturbed  (in  Preparation  or  Being 
Mined)  at  Any  One  Time 


Area  1 

at  1 
2880 

Area  2 

1800 

Total 

4680 

Source : 
Section 

5. 

2. 

2. 

2. 

3 

at  20 


5.2.4.2.4  Average  Annual  Rate  of  Land  Disturbance 


Area  1 
Area  2 


1-10 
552 

300 


Assumptions : 
Mining  rates 
Years  11-20:  no  mining 


5.2.4.2.5  Elevation  of  Mined  Acreage 


Area  1 
Area  2 


Land  Elev, 
(MSL) 
13-18' 

5-10  ' 


Expected  Max. 
Mine  Depth 
9' 


Average 
Depth  of 
Mining 
4-5' 

4-5" 


Minimum 
Elev  of  Mined 
Acreage  (MSL) 
7-12  ' 


Sources : 

Elevations  -  see  Figure  5C 

Mining  Permit  Applications  and  Permits 


104 


5.2.4.2.6  Undisturbed  Permitted  Acreage  at  Years  10  and  20 

Area  1     10,298 

Area  2      4,142  (includes  a  410  acre  conservation  easement- 

to  remain  unmined) 
Total      14,440 


5.2.4.3  Mining  and  Processing  Technologies 

5.2.4.3.1  Mining  Technologies  in  Use 

Area  1 
Milled  peat  production  (15,012  acres  permitted) 
Bulldozer,  truck,  and  front-end  loader  (98  acres  permitted) 
Scrape  raining  (similar  to  milled  method)  (708  acres 
permitted) 

Area  2 
Milled  peat  production  (7,142  acres  permitted) 

Sources  : 

Mining  Permit  Applications 

5.2.4.3.2  Average  Amount  of  Peat  Mined  Per  Year  (at  Year  10) 

Area  1       525,000  dry  tons   (875,000  tons  at  40%  moisture) 

Area  2       140,000  dry  tons   (235,000  tons  at  40%  moisture) 

Total        665,000  dry  tons   (1,110,000  tons  at  40%  moisture) 

Assumptions : 

140  mining  days  per  year  (average) 
Amount  of  peat  mined  is  based  on: 

Area  1-  3,600  dry  tons/day  x  (average)  140  mining 
days  -  peat  for  methanol  production 
25,000  dry  tons/year  -  horticultural  peat 
Area  2-  1,000  dry  tons/day  x  (average)  140  mining  days 
At  Year  20:  no  mining  ongoing 

Source : 

Section  5.2.2.3.2 
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5.2.4.3.3  Processing  Technologies  in  Use  at  Year  10 

Area  1 
Conversion  to  methanol  (500,000  dry  tons  per  year) 
Export  as  horticultural  peat  (25,000  dry  tons  per  year) 

Area  2 
Export  to  industry  as  peat  for  fuel  (140,000  dry  tons 
per  year) 

Assumption : 

At  20:  no  processing  ongoing 
Sources  : 

Mining  Permit  Applications 


5.2.4.3.4  Products  from  Mined  Peat:  Type  and  Amount 


Area  1 

methanol 
horticultural  peat 


at  10 

50  million  gals/year 
25,000  dry  tons/year 


Area  2 

peat  for  industrial  use  (fuel)   140,000  dry  tons/year 

Assumptions: 

Area  1:  methanol  plant  annual  output  equivalent  to 
approximately  310  days  per  year  at  full  capacity 
requiring  an  average  of  1,600  dry  tons  peat  per  day 
to  produce  an  average  of  200,000  gallons  of  methanol 
per  day 

Area  2:  peat  for  industrial  use  (fuel)  is  mined/produced 
140  days  per  year 

At  Year  20:  none 
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5.2.4.4  Transportation 

5.2.4.4.1  Type  and  Maximum  Volume  of  Transportation  to  and  on 
Site  (Construction  and  Operation) 


Type 
Area  1   heavy  duty  trucks 


Size        Number/day 

up  to       40  (construction) 

36  tons      13  (operation) 


Area  2   trucks 


5  (operation] 


up  to 
36  tons 
Assumptions : 

Years  1-3:  construction  ongoing  in  Area  1 
Years  4-20:  no  construction  ongoing  in  Area  1 
No  construction  required  in  Area  2 
Years  11-20:  no  mining  operation  ongoing 

Operation  traffic  excludes  transportation  of  peat  or  peat 
products.   Refers  in  Area  1  primarily  to  transportation 
of  slag  and  fly  ash. 
Source: 

PMA,  1983J,  p.  25  and  Fig.  4-2 


5.2.4.4.2  Type  and  Volume  of  Transportation  on  Site  -  Harvesting 


1-10 


Type 

Area  1     tractor  &  carts 

(15-ton  capacity) 


Volume 

233  loads/day  to 
methanol  plant 
storage  pile  or 
shipping  area  for 
horticultural  peat 


Area  2     tractor  and  carts 
(15-ton  capacity) 


63  loads/day  to 
shipping  area 


Assumptions : 

Assumes  peat  can  be  transported  from  mining  site  to 

processing  plant  or  shipping  area  250  days/year 
Years  11-20:  no  harvesting 
Calculations  (1-10): 

Area  1:   875,000  tons  of  peat  (at  40%  moisture)  per  year/15 

tons  per  cart/250  days  per  year 
Area  2:  235,000  tons  of  peat  (at  40%  moisture)  per  year/15 
tons  per  cart/  250  days  per  year 
Source : 

PMA,  1983i,  p.  22  states  that  peat  can  be  transported  from 
the  mining  site  to  the  plant  stockpile  approximately  251 
days  per  year 
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5.2.4.4.3  Type,  Volume,  and  Route  of  Transportation  from  Site  - 
Products 

at  10 

Size 


Area  1 


Area  2 


Number 
27/day 

2/week 


Type 
trucks 


36-ton 


barges    1,500-ton 


Route 

Rte  64  to 
Plymouth,  NC 

IWW  (south) 


Assumptions : 

Peat  from  Area  2  is  transported  via  barge  through  the  IWW 
to  a  major  industry  off  the  peninsula  (50  weeks  per  year) 
Horticultural  peat  and  methanol  from  Area  1  transported  to 

barge  and  RR  facilities  in  Plymouth,  NC 
At  year  20:  no  products  being  transported 
Source: 

PMA,  1983 j,  pp.  44  &  73 


5.2.4.4.4  Maximum  Distance  (Miles)  Peat  Transported  on  Unpaved 
Roads  on  Site 

1-10 
Area  1  2.5 

Area  2  4 

Assumptions : 

Years  11-20:  no  peat  being  mined  or  transported 

Distances  for  Area  2 
Source : 

PMA,  1983d,  Fig.  4-1 


5.2.4.4.5  Distance  Products  Transported  on  Paved/Unpaved  Roads 
from  Site  (Miles) 

1-10 
paved      unpaved     total        destination 


Area  1 
Area  2 


19 
0 


10 

0 


29  (one  way)   Plymouth,  NC 
0 


Assumptions : 

All  peat  products  from  Area  1  are  transported  to  or  through 
Plymouth,  NC  and  all  peat  from  Area  2  is  transported  to  a 
major  industry  off  the  peninsula  via  barge  on  the  IWW 
(from  a  barge  terminal  adjacent  to  the  mining  site) 
Area  1:  assumes  road  north  of  site  remains  unpaved 
Years  11-20:  no  products  being  transported 
Sources: 

PMA,  1983J 
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5.2.4.5  Water  Management 

5.2.4.5.1  Acreage  of  Sediment,   Evaporation,  and  Other  Temporary 
Ponds  and  Acreage  of  Permanent  Lakes 

1-9  10-20 

Area  1      2550  (temporary)        1450  (permanent 

(maximum  depth  3')      (maximum  depth  8") 

Area  2  0  0 

Assumptions : 

All  drainage  water  from  Area  2  is  discharged  into  IWW  (no 
holding  ponds) 

At  year  10  all  pumping  ceases 
Sources  : 

PMA,  1983d  and  1983i,  p.  91  (size  of  temp  and  perm  ponds) 


5.2.4.5.2  Groundwater  Withdrawn  from  the  Quarternary  Shell  Hash 
Unit  for  Processing  at  Year  10 

Area  1     2.3  mgd 

Area  2     none 

Assumptions : 
Withdrawals  made  from  the  Quarternary  Shell  Hash  Unit 

(underlying  Area  1  at  depths  of  40  to  130  feet) 
At  year  20:  no  withdrawals  being  made 
Sources  : 

Section  5.2.2.5.2 


5.2.4.5.3  Maximum  Water  Drained  from  the  Surficial  Aquifer 
During  Plant  Site  Preparation 

Area  1     3  mgd   (for  a  period  of  two  years) 

Area  2     0  mgd 

Assumption : 

No  plant  constructed  in  Area  2 
Sources  : 

PMA  Water  Use  Permit  Applications  and  Permits 
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5.2.4.5.4  Water  Balances  for  Mining  Sites  (Until  Cessation  of 
Pumping) 

Condition        Total  Runoff  Subsurface  Surface     Evapo- 
mgy/2000  mgy/1500  Drainage      Runoff     trans- 
acres     acres  (in  /in  )  (in  /in  )   piration 
(Area  1)  (Area  2)  (in  /in  ) 

Pre-mining       1046       784      11.2  8.0        29.2 

(disturbed) 

Pre-mining        788       591      11.1  3.4        33.9 

(shrub) 

During  raining    1336      1002       6.5        18.0 

After  mining      808       606       6.8  8.0        33.6 

(agr iculture- 
330  '  spaced 
drainage  ditches) 

Notes : 

Data  based  on  15  year  averages  of  computer  simulations  using 
weather  data  from  Elizabeth  City  weather  station. 
Annual  average  rainfall  for  the  15  years  used  is  48.4''. 
Source : 

R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng . ,  NCSU 

5.2.4.5.5  Mined  and  Reclaimed  Acreage  from  Which  Drainage  Water 
is  Being  Pumped  During  Mining  (Cumulative) 

0-5  5-10  10-15  15-20 

5520  0  0      ■ 

3000  0  0 

8520  0  0 

Assumptions  : 

All  disturbed  acreage  requires  pumping  during  mining 
(i.e.,  drainage  water  from  all  lands  gravity  drains  to 
lowest  points  on  the  mining  sites  and  is  pumped  into 
lakes  or  canals) 

Acreage  figures  do  not  include  unmined  land  which  may 
drain  into  the  low  points  depending  on  the  location  of 
unmined  lands  relative  to  the  sites  being  mined 

All  pumping  ceases  at  year  10 
Sources : 

L.  Otte,  Geol.  Dept.,  ECU 

R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng.,  NCSU 
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Area  1 

3080 

Area  2 

1500 

Total 

4580 

5.2.4.5.6   Maximum  Changes  in  Surficial  Groundwater  Levels  at 
the  Mine  Sites 

Areas  1  and  2 
Groundwater  levels  will  decline  in  areas  where  peat  is 
removed  by  the  depth  of  peat  mined.   If  vegetation  is 
replanted,  groundwater  level  will  drop  an  additional  foot. 

Source:  R.  Broadhead,  Dept.  Biol,  and  Agric.  Eng . ,  NCSU 

Area  1 
Projected  maximum  effects  of  mining  operations  on  water 
levels  along  the  northern  edge  of  the  site  are  a  decline  of 
about  3.5'  in  the  Fine  Sand  Unit  and  2.5'  in  the  Shell  Hash 
Unit. 

Note : 

.  Surficial  groundwater  levels  will  return  to  pre-mining 

conditions  following  failure  of  the  industry  and 

cessation  of  pumping 
Source : 

PMA,  1983k,  p.  84 


5.2.4.5.7  Drainage  and  Runoff  Waters  from  All  Mined  and 
Reclaimed  Lands:  Direction  of  Flow/Receiving 
Body  of  Water 


1-1( 


Area  1     all  runoff  to  temp,  lagoons 
or  central  lake  to  Canal  B 
to  Pungo  River 
(mean  annual  discharge  from 
holding  ponds:  8cfs/  max 
runoff  :  59.6  cf s) 


after  year  10 

all  runoff  to 
Canal  B  to  Pungo 
River 


Area  2 


mine  site  to  IWW 


same  as  1-10 


Assumptions : 

Drainage  systems  on  all  mined  lands  similar  to  agricultural 
drainage  systems  in  use  throughout  the  coastal  area  of  NC 


5.2.4.5.8  Quality  of  Runoff  from  All  Mining  Sites 
(Areas  1  and  2) 


see  section  5.2.2.5. 


Ill 


5.2.4.5.9  Wastewater  Treatment:  Source/Rate/Route  of  Effluent 
Discharge/Receiving  Body  of  Water  at  Year  10 

Source  Average  Daily     Route    Receiving 

Discharge  Body 

Area  1   Methanol  plant     870,000        Canal  B    Pungo  R. 

gal/day 

Area  2     none 

Assumption: 

No  processing  occurs  on  mining  site  in  Area  2 

At  year  20:  none 
Source: 

PMA,  1983i 


5.2.4.5.10  Flood  Gates/Flood  Control  Measures 

Area  1 

No  flood  gates  constructed  because  of  elevation 

Area  2 

Flood  gates  constructed  at  all  drainage  outlets  from  mining 
sites  to  permit  site  drainage  but  prevent  entry  of  water 
from  IWW.   Flood  gates  not  operational  after  industry  fails. 

Source: 

Section  5.2.2.5.10 


5.2.4.5.11  Elevation  of  Dikes  Around  Mined  Areas/Storage  Ponds 
and  Lakes 

at  10  at  20 

Area  1  20 '  MSL  20 '  MSL 

Area  2         no  dikes  no  dikes 

5.2.4.5.12  Probability  of  Hurricane  Flooding  in  100-year 
Floodplain  (at  Years  10  and  20) 

Area  1 

Not  susceptible  to  flood  inundation  caused  by  wind  tides  hav- 
ing a  1%  chance  of  being  equalled  or  exceeded  in  any  one  year 

Area  2 

About  50%  susceptible  to  flood  inundation  caused  by  wind  tides 
having  a  1%  chance  of  being  equalled  or  exceeded  in  any  one  year 
(without  protective  barriers) 

Source: 

Figure  5D 
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5.2,4.5.13  Change  in  Groundwater  Recharge  Rate  to  the  Castle  Hayne 
Aquifer  Resulting  from  Land  Clearing  and  Mining 
Activities.   Values  are  Average  Changes  in  Recharge 
Rates  Over  the  Entire  Acreage  for  Each  Area 

1-10  11-20 

Area  1      -0.0005  in/yr  0 

(-5.2%) 
-600  gpd 

Area  2      -0.0007  in/yr  0 

(-7.6%) 
-400  gpd 

Notes  : 

Rate  at  year  0  =  0.01 

Change  in  rate  is  noted  in  parentheses 
Assumptions : 

Assumes  layers  are  isolated  laterally  (i.e.,  essentially  a 

vertical  system) 
Stratigraphy  for  all  areas  similar  to  that  found  for  First 

Colony  Farms  (Area  1) 
Depth  of  mining  operations  for  all  areas  similar  to  that 

proposed  by  PMA  (Area  1) 

Source : 

Foutz,  1983. 


5.2.4.5.14  Salt  Water  Encroachment  in  Shallow  and  Deep  Aquifers 

Areas  1  and  2 

No  significant  lateral  movement  in  the  freshwater/saltwater 
interface.   Since  there  is  already  a  wide  diffused  zone  ranging 
from  salt  to  fresh  water,  the  anticipated  change  in  head  due  to 
withdrawals  (a  few  feet)  is  not  expected  to  significantly  change 
the  location  of  this  diffused  zone 

Sources : 

Perry  Nelson,  Groundwater  Section,  DEM,  NRCD 
PMA,  1983k 

5.2.4.5.15  Revegetation  of  Canal/Ditch  Banks 

Revegetation  is  completed  following  ditch  maintenance  and  as  part 
of  reclamation  through  year  8 
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5.2.4.5.16  Erosion  and  Sediment  Control  Measures 

Adequate  mechanical  barriers  including  but  not  limited  to 
diversions,  settling  ponds,  earthen  dikes,  brush  barriers, 
silt  check  dams,  silt  retarding  structures,  rip  rap  pits  or 
ditches  provided  in  the  initial  stages  of  any  land  disturbance 
to  prevent  sediment  from  discharging  onto  any  adjacent  surface 
areas  or  into  any  lake  or  natural  watercourse  in  proximity  to 
the  affected  land.  Following  industry  failure  no  structures 
are  maintained. 

5.2.4.5.17  Buffer  Strips  Adjacent  to  Estuaries/Lakes/Rivers  at 
Years  10  and  20 

Area  1  2000  '  tree  buffer  between 

site  and  Phelps  Lake 

Area  2  300'  between  site  and  IWW 

Note: 

2000'  tree  buffer  in  Area  1  is  outside  permitted  area 
Sources: 

PMA,  1983f 

WTF  Mining  Permit 


5.2.4.6  Air  Quality  Management 

5.2.4.6.1  Maximum  Off-property  Fugitive  Dust  Concentrations 
Resulting  from  Mining  and  Processing  Operations 

at  Year  10:  same  as  section  5.2.2.6.1 

at  Year  20:  none 


5.2.4.6.2  Mitigation  Measures  for  Fugitive  Dust  Emissions  from 
Transportation  of  Peat  in  Use 

1-10  _^ 

Area  1 
restricted  speed  limits 
paving  or  watering  of  roadways 
tree  buffer  strips 

Area  2 
restricted  speed  limits 
tree  buffer  strips 

Assumptions : 

All  of  the  above 
Years  11-20:  no  mining 
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5.2.4.7  Solid  Waste  Management 

5.2.4.7.1  Amount  of  Non-hazardous  Waste  Generated 

1-10  , 

Area  1     53,000  tons/yr   (851,000  ft  /yr*) 

(non-burnable  material  from  methanol  production, 
including  27,000  tons/yr  of  slag  and  fly  ash) 

Area  2      negligible 

Assumptions : 

*  Assumes  a  bulk  density  of  0.062  tons/ft 

No  significant  amount  of  non-hazardous  waste  generated  in 
Area  2 

Years  11-20:  none  generated 
Source : 

PMA,  1983h,  Fig.  1 

5.2.4.7.2  Amount  of  Hazardous  Waste  Generated 

1-1 
10  f 
,100  gals/yr  waste  oils 

Area  2     none 


Area  1     1,000  ft  /yr  (excluding  catalysts  recycled) 


Assumptions : 

No  hazardous  wastes  generated  in  Area  2  since  no  peat  will 
be  processed  on  site 

Years  11-20:  none  generated 
Source : 

PMA,  198 3h 


5.2.4.8  Wildlife  Mitigation  Measures 

5.2.4.8.1  Permitted  Acreage  Restored  to  Native  Vegetation 
(Buffer  Strips) 

See  section  5.2.4.10.6 

Assumpt  ion : 

20%  mined/reclaimed  land  required  re-established  to 
native  vegetation  or  low  intensity  managed  forest 
for  buffer  strips 
Source : 

D.  Owens,  Office  of  Coastal  Management,  NRCD 
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5.2.4.8.2  Location  of  Native  Vegetation  Buffer  Strips  on 
Permitted  Areas  at  Year  10 

see  Figure  5E  , 


5.2.4.9  Fire  Protection  Measures 

5.2.4.9.1  Source  and  Volume  of  Water  for  Fire  Suppression 

1-10 
Area  1  Canals,  lagoons- 

14  unharvested  blocks 
in  use  as  water  storage 
reservoirs 

Area  2  Fire  protection/waterfowl 
impoundment 

Assumption : 

Years  11-20:  Areas  will  be  flooded  following  cessation  of 
pumping 
Source: 

PMA,  1983c,  pp.  13,  37 


5.2.4.9.2  Water  Control  Structures  for  Areas  Not  Being  Mined 

Structures  installed  to  prevent  gravity  drainage  from  lowering 
water  level  lower  than  1'  below  ground  level  on  lands  not  being 
actively  mined.  These  structures  have  capacity  to  retain  sufficient 
water  to  flood  or  saturate  peat  soil  to  or  slightly  above  ground 
level.  Structures  not  functional  after  year  10. 

Assumptions : 

All  of  the  above 
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5.2.4.10  Reclamation 

5.2.4.10.1  Mined  Acreage  Legally  Required  to  be  Reclaimed 
(Cumulative) 

by  10  by  20 

Area  1  2,020  5,520 

Area  2  1,500  3,000 

Total  3,520  8,520 

Assumptions : 

NRCD  requirement  that  mined  areas  be  reclaimed  within  2 

years  of  completion  of  mining  is  met 
Land  mined  during  years  1-8  reclaimed  on  schedule  (refers 

to  sections  5.2.4.10.3-5.2.4.10.8) 
No  land  is  reclaimed  after  year  8 
Reclamation  rate  for  Area  2 
Land  fully  reclaimed  (cumulative): 

by  10         by  20 
Area  1   2,020         2,020 
Area  2   1,500         1,500 
Source : 

PMA,  1983d,  Fig.  2-10 

5.2.4.10.2  Percentage  of  Reclaimed  Land  in  Various  Types  of 
Reclamation  by  Year  10 

Area  1  Area  2 

Row  crops  with  pumping  8  78 

Row  crops  without  pumping  0  0 

Pine  plantations  10  10 

Restored  native  vegetation  10  10 

Open  water  72  0 

Grass  replanted  0  2 

Assumptions : 

Native  vegetation  restored  in  buffer  strips  as  shown  in  Figure 
5E 

Pumping  required  for  all  reclaimed  farmland 

When  pumping  ceases,  dikes  around  the  central  lake  are  broken. 
Canal  B  is  no  longer  maintained,  and  mined  areas  in  Area  1 
gradually  fill  up  with  water  until,  by  year  20,  all  mined 
acreage  (5,520)  has  become  open  water.   Area  2  also  becomes 
open  water  by  year  20  (3,000  acres). 
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5.2.4.10.3  Mined  Acreage  in  Row  Crops  with  Pumping 
Area  1 


by  10 
162 


Area  2 
Total 


1,170 
1,332 


Calculations : 

Sections  5.2.4.10.3-5.2.4.10.8  calculated  based  on 
%  in  section  5.2.4.10.2  and  acreages  in  section 
5.2.4.10.1 


5.2.4.10.4  Mined  Acreage  in  Row  Crops  Without  Pumping 


Area  1 
Area  2 
Total 


by  10 
0 

0 

0 


5.2.4.10.5  Mined  Acreage  in  Pine  Plantations  (Including 
Vegetative  Buffer  Strips) 


Area  1 

by  1 
202 

Area  2 

150 

Total 

352 

5.2.4.10.5  Mined  Acreage  Restored  to  Native  Vegetation 
(Buffer  Strips) 


Area  1 

by  1 
202 

Area  2 

150 

Total 

352 
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5.2.4.10.7  Mined  Acreage  in  Open  Water  Reclamation  With/Without 
Marshes  and  Islands  (Including  Canals) 


by  10 

Area  1 

1,454 

Area  2 

0 

Total 

1,454 

5.2.4.10. 

Area  1 
Area  2 
Total 


Mined  Acreage  Replanted  to  Grass 

by  10 
0 

30 

30 


5.2.4.10.9  Unreclaimed  Disturbed  Acreage  Not  Yet  Legally 
Required  to  be  Reclaimed  (Cumulative) 

by  20 
0 

0 

0 


Area  1 

by  10 
3,500 

Area  2 

1,500 

Total 

5,000 

Source : 
Section 

5. 

,2.2.10.9 

5.2.4.10.10  Unreclaimed  Disturbed  Acreage  Legally  Required  to  be 
Reclaimed  (Cumulative) 


Area  1 
Area  2 
Total 


Assumption : 

All  legally  reclaimable  land  reclaimed  on  schedule  only 
through  year  8 


by  10 
0 

by  20 
3,500 

0 

1,500 

0 

5,000 
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6.  ENVIRONMENTAL  AND  ECONOMIC  ASSESSMENT  OF  THE  SCENARIOS 

6.1  Resource  Production/Consumption 

6.1.1  Agriculture 

6.1.1.1  Approach/Assumptions 

Two  approaches  to  estimating  the  value  of  agricultural 
production  under  the  alternative  scenarios  were  taken:  1)  the 
value  of  mined  land  reclaimed  to  agriculture  was  estimated  at 
years  10  and  20  (see  section  6.1.1.1.1)  and  2)  the  cumulative 
value  of  total  agricultural  production  on  permitted  sites 
(reclaimed  areas  in  row  crops  plus  acreage  already  in 
agricultural  production  prior  to  mining  and  not  yet  mined)  was 
estimated  for  the  periods  years  1-10  and  1-20  (see  section 
6.1.1.1.2). 

An  important  difference  in  the  two  approaches  was  that  the 
assumption  was  made  in  section  6.1.1.1.1  that  no  acreage  was  in 
agricultural  production  at  year  0,  while  in  section  6.1.1.1.2 
the  assumption  was  made  that  part  of  the  total  permitted  acreage 
was  in  agricultural  production  at  year  0  (see  acreages  by 
habitat/land  use  type  in  Appendix  10.1). 

6.1.1.1.1  Value  of  Mined  Land  Reclaimed  to  Row  Crops  at  Years  10 
and  20 

1.  Acreage  in  agricultural  production  (row  crops)  at  years 
10  and  20  for  each  scenario  was  based  on  sections 
5.2.2.10.3,  5.2.3.10.3  and  5.2.4.10.3. 

2.  Crop  mix  was  assumed  to  be  traditional  corn-soybeans 
rotation  on  50%  of  each  area  and  corn-soybeans-wheat 
rotation  on  the  other  50%. 

3.  Budgets  were  based  on  standard  budget  for  1983 
produced  by  Department  of  Economics  and  Business, 
N.  C.  State  University  (see  Appendix  10.2). 

4.  Run  #1  -  Yields  assumed:   115  bushels  (bu/ac)  for  corn, 
35  bu  for  soybeans  single  cropped;  25  bu  for  soybeans 
double  cropped  and  50  bu  for  wheat  were  estimated 
based  on  yields  reported  in  Soil  Survey  of  Washington 
County  (USDA,  SCS,  1981).  Prices  assumed  for  Run  #1: 
Corn  $2.26/bu,  soybeans  $5.85/bu  and  wheat  $3.60/bu. 
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5.  Run  #2  -  Yields  assumed:  115  bu  for  corn,  35  bu  for 
soybeans  single  cropped,  30  bu  for  soybeans  double 
cropped  and  50  bu  for  wheat.  Prices  assumed  for  Run  #2: 
Corn  $2.71/bu,  soybeans  $6.75/bu  and  wheat  $4.00/bu. 

6.  Drainage  cost  was  estimated  at  $10 . 00/acre/year . 


6.1.1.1.2  Cumulative  Value  of  Total  Agricultural  Production 
on  Permitted  Sites  During  Years  1-10  and  1-20 

1.  Acreages  in  agricultural  production  in  all  permitted 
areas  at  year  0  were  based  on  habitat  type/land  use 
data  located  in  Appendix  10.1. 

2.  Crop  mix.  Run  #1  and  #2  assumptions  and  estimated 
drainage  costs  were  the  same  as  in  section  6.1.1.1.1. 

3.  Without  the  mining  projects,  agricultural  production 
was  assumed  to  remain  constant  throughout  the 
20-year  period. 

4.  Conversion  rates  from  one  habitat  type/land  use  to 
another  were  the  same  as  those  used  in  section 
6.1.4  (see  Appendix  10.4). 

5.  A  Suitability  Index  (SI)  was  determined  for  each  crop 
by  multiplying  assumed  yield  (bu/ac)  x  price/bu  x  % 
of  cropland  planted  with  that  crop. 

6.  Annualized  units  (SI  x  acres  of  cropland)  for  each 
crop  for  each  year  were  computed. 

7.  Cumulative  values  for  the  periods  years  1-10  and  years  1-20 
were  calculated. 
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6. 1.1. 1. 2  Data 


Table  6.1.1A:  Value  of  mined  areas  reclaimed  to  row  crops  with 
pumped  drainage  at  years  10  and  20  (Run  #1) 


Crop 


Reclaimed    Total 
Acres  in     Bushels 
Row  Crops    Per  Year 


Gross  Income   Net  Return 
Per  Year     to  Land  and 
Mgt  Per  Year 


Scenario  #1  -  Area  1 

1.   162  acres  reclaimed  to  row  crops  at  year  If 


Corn 

81 

9,315 

$ 

21,052 

$ 

3,818 

Soybeans 

40 

1,400 

8,190 

2 

Soybeans- 

1,025 

Wheat 

41 

2,050 

13,376 

2,271 

Total 

$ 

42,618 

$ 

6,091 

4,930  acres  reclaimed  to  row  crops  at  year  20 

$ 


Corn 
Soybeans 
Soybeans- 
Wheat 
Total 


2,465 
1,232 

1,233 


283,475 
43,120 
30,825 
61,650 


640,654 
252,252 


402,266 
1,295,172 


$    116,195 
62 

68,297 

$  184,554 


Scenario  #1  -  Area  2 

1.   1,170  acres  reclaimed  to  row  crops  at  year  1( 

$         152,042 
59,787 

95,591 
$    307,420 


Corn 

585 

67,275 

Soybeans 

292 

10,220 

Soybeans- 

7,325 

Wheat 

293 

14,650 

Total 

$       27,576 
15 

16,229 
$       43,820 


2.   3,510  acres  reclaimed  to  row  crops  at  year  20 

$ 


Corn 
Soybeans 
Soybeans- 
Wheat 
Total 


1,755 
877 

878 


201,825 
30,695 
21,950 
43,900 


456,125 
179,566 

286,448 
922,139 


$   82,727 

44 

48,633 
$  131,404 
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Table  6.1.1A  (Continued) 

Crop  Reclaimed  Total  Gross  Income  Net  Return  to 
Acres  in  Bushels  Per  Year  Land  and  Mgt 
Row  Crops    Per  Year  Per  Year 

Scenario  #2  -  Area  1 


1.   1,368  acres  reclaimed  to  row  crops  at  year  10 


Corn 

684 

78,660 

$  177,772 

Soybeans 

342 

11,970 

70,025 

Soybeans- 

8,550 

Wheat 

342 

17,100 

111,578 

Total 

$  359,375 

2.   15,543  acres  reclaimed  to  row  crops  at  year  2( 


Corn 

7,772 

893,780 

$  2,019,943 

Soybeans 

3,885 

135,975 

795,454 

Soybeans- 

97,150 

Wheat 

3,886 

194,300 

1,267,808 

Total 

$  4,083,205 

Scenario  #2  -  Area  2 

1.   2,223  acres  reclaimed  to  row  crops  at  year  1( 


Corn 

1,112 

127,880 

Soybeans 

555 

19,425 

Soybeans- 

13,900 

Wheat 

556 

27,800 

Total 

9,594  acres  reclaimed  to  row  crops  at  year  20 


32,242 
17 

18,944 
51,203 


366,357 
196 

215,248 
581,801 


$         289,009  $    52,418 

113,636  28 

181,395  30,797 

$    584,040  $         83,243 


Corn 

4,797 

551,655 

$  1,246,740 

$ 

226,121 

Soybeans 

2,398 

83,930 

490,991 
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Soybeans- 

59,975 

Wheat 

2,399 

119,950 

782,674 

132,882 

Total 

$  2,520,405 

$ 

359,124 
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Table    6.1.1A    (Continued) 
Crop 


( 


Reclaimed 
Acres  in 
Row  Crops 


Total 
Bushels 
Per  Year 


Gross  Income 
Per  Year 


Net  Return  to 
Land  and  Mgt 
Per  Year 


Scenario  #2  -  Area  3 

1.   2,925  acres  reclaimed  to  row  crops  at  year  10 


Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


1,463 
731 

731 


168,245 
25,585 
18,275 
36, 550 


$   380,234 
149,672 

238,489 
$   768,395 


68,963 
37 

40,491 
109,491 


15,750  acres  reclaimed  to  row  crops  at  year  20 


Corn 

7,875 

905,625 

$  2,046,713 

$ 

371,212 

Soybeans 

3,938 

137,830 

806,306 

198 

Soybeans- 

98,425 

Wheat 

3,937 

196,850 

1,284,446 

218,073 

Total 

$  4,137,465 

$ 

589,483 

Scenario  #2  -  Area  4 


No  land  in  row  crops  at  year  10  or  20. 


Scenario  #3  (both  areas) 


Same  as  Scenario  #1  at  year  10  in  Areas  1  and  2, 
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Table  6.1.  IB:  Value  of  mined  areas  reclaimed  to  row  crops  with 
pumped  drainage  at  years  10  and  20  (Run  #2) 

Crop       Reclaimed     Total  Gross  Income   Net  Return  to 

,  -,         Acres  in      Bushels  Per  Year      Land  and  Mgt 

Row  Crops     Per  Year  Per  Year 

Scenario  #1  -  Area  1 

1.   162  acres  reclaimed  to  row  crops  at  year  10 


Corn 

81 

9,315 

Soybeans 

40 

1,400 

Soybeans- 

1,230 

Wheat 

41 

2,050 

Total 

25,244 

$ 

8,010 

9,450 

1,262 

16,503 

5,397 

51,197 

$ 

14,669 

2.   4,930  acres  reclaimed  to  row  crops  at  year  20 

Corn          2,465     283,475  $    768,217  $    243,763 

Soybeans      1,232      43,120  291,060  38,868 
Soybeans-               36,990 

Wheat         1,233      61,650  496,283  162,314 

Total  $  1,555,560  $  444,945 


Scenario  #1  -  Area  2 

1.  1,170  acres  reclaimed  to  row  crops  at  year  10 

$            182,315  $       57,850 

68,985  9,212 

117,933  38,571 

$           369,233  $  105,633 

2.  3,510  acres  reclaimed  to  row  crops  at  year  20 

$           546,946  $  173,551 

207,191  27,668 

353,395  115,581 

$      1,107,532  $  316,800 


Corn 

585 

67,275 

Soybeans 

292 

10,220 

Soybeans- 

8,790 

Wheat 

293 

14,650 

Total 

Corn 

1,755 

201,825 

Soybeans 

877 

30,695 

Soybeans- 

26,340 

Wheat 

878 

43,900 

Total 
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Table  6.1. IB  (Continued) 
Crop 


Reclaimed 
Acres  in 
Row  Crops 


Total 
Bushels 
Per  Year 


Gross  Income 
Per  Year 


Net  Return  to 
Land  and  Mgt 
Per  Year 


Scenario  #2  -  Area  1 

1.  1,368  acres  reclaimed  to  row  crops  at  year  10 


213,169 
80,798 

137,655 
413,622 


Corn 

684 

78,660 

Soybeans 

342 

11,970 

Soybeans- 

10,260 

Wheat 

342 

17,100 

Total 

67,641 
10,790 

45,021 
123,452 


15,543  acres  reclaimed  to  row  crops  at  year  2( 


Corn 

7,772 

893,780 

$ 

2,422,144 

$ 

768,570 

Soybeans 

3,885 

135,975 

917,831 

122,567 

Soybeans- 

116,580 

Wheat 

3,886 

194,300 

1,564,115 

511,559 

Total 

$ 

4,904,090 

$1 

,402,696 

Scenario  #2  -  Area  2 

1.   2,223  acres  reclaimed  to  row  crops  at  year  10 


346,555 
131,119 

223,790 
701,464 


Corn 

1,112 

127,880 

Soybeans 

555 

19,425 

Soybeans- 

16,680 

Wheat 

556 

27,800 

Total 

109,965 
17,510 

73,193 
200,668 


2.   9,594  acres  reclaimed  to  row  crops  at  year  2( 


1,494,985 
566,528 


Corn 

4,797 

551,655 

Soybeans 

2,398 

83,930 

Soybeans- 

71,970 

Wheat 

2,399 

119,950 

Total 

965,598 
3,027,111 


474,374 
75,654 

315,808 
865,836 
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Table  6.1. IB  (Continued) 

Crop        Reclaimed 
Acres  in 
Row  Crops 


Total 
Bushels 
Per  Year 


Gross  Income   Net  Return  to 
Per  Year    Land  and  Mgt 
Per  Year 


Scenario  #2  -  Area  3 

1.   2,925  acres  reclaimed  to  row  crops  at  year  10 


455,944 
172,699 

294,228 
922,871 


Corn 

1,463 

168,245 

Soybeans 

731 

25,585 

Soybeans- 

21,930 

Wheat 

731 

36,550 

Total 

$   144,676 
23,062 

96,230 
$   263,968 


2.   15,758  acres  by  20  years 


Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


7,875 
3,938 

3,937 


905,625 
137,830 
118,110 
196,850 


$       2,455,244 
930,353 

1,584,643 
$   4,970,240 


$       778,756 
124,239 

518,273 
$1,421,268 


Scenario  #2  -  Area  4 


No  land  in  row  crops  at  year  10  or  2i 


Scenario  #3  (both  areas) 


Same  as  Scenario  #1  at  year  10  in  2( 
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Table  6.1.1C:  Summary —  Value  of  mined  areas  reclaimed  to 
agriculture  with  pumped  drainage  at  years  10 
and  20  (Run  #1) 

Reclaimed     Gross       Net  Return  to     Net  Income 

Acres  in      Income       Land  and  Mgt       Minus 

Row  Crops     Per  Year       Per  Year      Drainage  Cost 


Scenario  #1  (both  areas) 

At  year  10   1,332    $    350,038    $     49,911  $    36,585 

At  year  20   8,440      2,217,211        315,958  231,597 


Scenario  #2  (all  areas) 

At  year  10   6,516    $    1,711,810    $         243,937  $      178,806 

At  year  20  40,887     10,741,075      1,530,408  1,121,789 


Scenario  #3 (both  areas) 


Same  as  Scenario  #1  at  year  10 


Table  6.1. ID:  Summary —  Value  of  mined  areas  reclaimed  to 
agriculture  with  pumped  drainage  at  years  10 
and  20  (Run  #2) 

Reclaimed     Gross       Net  Return  to    Net  Income 
Acres  in      Income         Land  and  Mgt      Minus 
Row  Crops     Per  Year       Per  Year      Drainage  Cost 


Scenario  #1  (both  areas) 

At  year  10   1,332    $    420,430    $         120,302  $   106,948 

At  year  20   8,440      2,663,092        761,745  677,191 


Scenario  #2  (all  areas) 

At  year  10   6,516    $    2,055,957    $    588,088  $      522,810 

At  year  20  40,887     12,901,441      3,689,800  3,280,232 


Scenario  #3  (both  areas) 

Same  as  Scenario  #1  at  year  10 
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Table  6.1.  IE:  Cumulative  value  of  total  acreage  in  row 

crops   with   the  mining  projects  (Run  #1) 

Crop             Gross  Income  Net  Return  to 

(Cumulative)  Land  &  Mgmt 

($)  (Cum)  ($) 
Scenario  #1,  Area  1 

1.  Years  1-10 

Corn            $         3,010,000  $      545,924 

Soybeans            1,190,000  293 
Soybeans-             850,000 

Wheat               1,040,000  320,884 

Total               6,090,000  867,101 


2.  Years  1-20 

Corn  8,280,000  1,501,744 

Soybeans  3,260,000  802 

Soybeans-  2,340,000 

Wheat  2,860,000  882,856 

Total  16,740,000  2,385,402 


Scenario  #1,  Area  2 
1.  Years  1-10 


Corn 

1,540,000 

279,310 

Soybeans 

610,000 

150 

Soybeans- 

430,000 

Wheat 

530,000 

162,989 

Total 

3,110,000 

442,449 

2.  Years  1-20 

Corn 

5,300,000 

961,261 

Soybeans 

2,080,000 

512 

Soybeans- 

1,500,000 

Wheat 

1,840,000 

567,065 

Total 

10,720,000 

1,528,838 
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Table  6.1. IE  (Continued 
Crop 


Gross  Income 
(Cumulative) 
($) 


Scenario  #2,  Area  1 

1.  Years  1-10 

Corn 
Soybeans 
Soybeans- 
Wheat 
Total 


3,190,000 
1,260,000 
900,000 
1,100,000 
6,450,000 


Net  Return  to 
Land  &  Mgmt 
(Cum)  ($) 


578,570 
310 

339,560 

918,440 


2.  Years  1-20 

Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


16,940,000 
6,680,000 
4,760,000 
5,860,000 

34,240,000 


3,072,408 
1,643 

1,803,064 
4,877,115 


Scenario  #2,  Area  2 

1.  Years  1-10 

Corn  2,020,000 

Soybeans  800,000 

Soybeans-  570,000 

Wheat  700,000 

Total  4,090,000 


366,367 
197 

215,621 
582,185 


2.  Years  1-20 

Corn 
Soybeans 
Soybeans- 
Wheat 
Total 


10,740,000 
4,240,000 
3,020,000 
3,720,000 

21,720,000 


1,947,914 
1,043 

1,144,317 
3,093,274 
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Table  6.1. IE  (Continued) 

Crop    ,  Gross  Income    Net  Return  to 

(Cum)  ($)       Land  &  Mgmt 
(Cum)  ($) 

Scenario  #2,  Area  3 

1.  Years  1-10 

Corn  1,220,000  221,271 

Soybeans  480,000  118 

Soybeans-  340,000 

Wheat  420,000  129,033 

Total  2,460,000  350,422 


2.  Years  1-20 

Corn  15,060,000  2,731,432 

Soybeans  5,920,000  1,456 

Soybeans-  4,240,000 

Wheat  5,220,000  1,606,119 

Total  30,440,000  4,339,007 


Scenario  #2,  Area  4 

1.  Years  1-10 

Corn  270,000            48,970 

Soybeans  100,000                25 

Soybeans  70,000 

Wheat  90,000            27,165 

Total  530,000            76,160 

2.  Years  1-20 

Corn  480,000            87,058 

Soybeans  200,000                49 

Soybeans-  140,000 

Wheat  160,000            50,934 

Total  980,000           138,041 


Scenario  #3  (both  areas) 

Same  as  Scenario  #1,  Areas  1  and  2,  years  1-10 
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Table  6.1. IF:  Cumulative  value  of  total  acreage  in  row 

crops   without   the  mining  projects  (Run  #1) 

Crop        Gross  Income        Net  Return  to 
(Cum)  ($)  Land  &  Mgmt 

(Cum)   ($) 

Scenario  #1,  Area  1 

1.  Years  1-10 

Corn  3,700,000  671,069 

Soybeans  1,460,000  359 

Soybeans-  1,040,000 

Wheat  1,280,000  393,890 

Total  7,480,000  1,065,318 

2.  Years  1-20 

Corn  7,400,000  1,342,138 

Soybeans  2,920,000  718 

Soybeans-  2,080,000 

Wheat  2,560,000  787,779 

Total  14,960,000  2,130,636 

Scenario  #1,  Area  2 

1.  Years  1-10 

I. 

Corn  1,390,000  252,104 

Soybeans  550,000  135 

Soybeans-  390,000 

Wheat  480,000  147,709 

Total  2,810,000  399,948 

2.  Years  1-20 

Corn  2,780,000  504,209 

Soybeans  1,100,000  270 

Soybeans-  780,000 

Wheat  960,000  295,417 

Total  5,620,000  799,896 
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Table  6.1. IF  (Continued) 

Crop         Gross  Income        Net  Return  to 
(Cum)   ($)  Land  &  Mgrat 

(Cum)  ($) 

Scenario  #2,  Area  1 

1.  Years  1-10 

Corn  3,510,000  636,609 

Soybeans  1,380,000  340 

Soybeans-  990,000 

Wheat  1,220,000  375,214 

Total  7,100,000  1,012,163 

2.  Years  1-20 

Corn  7,020,000  1,273,217 

Soybeans  2,760,000  679 

Soybeans-  1,980,000 

Wheat  2,440,000  750,428 

Total  14,200,000  2,024,324 

Scenario  #2,  Area  2 

1.  Years  1-10 

Corn  1,560,000  282,937 

Soybeans  610,000  150 

Soybeans-  440,000 

Wheat  540,000  166,384 

Total  3,150,000  449,471 

2.  Years  1-20 

Corn  3,120,000  565,874 

Soybeans  1,220,000  300 

Soybeans-  880,000 

Wheat  1,080,000  332,769 

Total  6,300,000  898,943 


133 


Table  6.1. IF  (Continued) 

Crop  Gross  Income       Net  Return  to 

(Cum)  ($)  Land  &  Mgmt 

(Cum)  ($) 

Scenario  #2^  Area  3 

No  land  in  agricultural  production  years  1-20 

Scenario  #2,  Area  4 

1.  Years  1-20 

Corn  340,000  61,6661 

Soybeans  130,000  32 

Soybeans-  100,000 

Wheat  120,000  37,352 

Total  690,000  99,050 

2.  Years  1-20 

Corn  680,000  123,332 

Soybeans  260,000  64 

Soybeans-  200,000 

Wheat  240,000  74,703 

Total  1,380,000  198,099 

Scenario  #3  (both  areas) 

Same  as  Scenario  #1,  Areas  1  and  2,  years  1-10 
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Table  6.1.1G:  Cumulative  value  of  total  acreage  in  row 
crops   with   the  mining  projects  (Run  #2) 


Crops       Gross  Income 
(Cumulative) 
($) 


Net  Return  to 
Land  &  Mgmt 
(Cum)   ($) 


Scenario  #1,  Area  1 
1.  Years  1-10 


Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


3,610,000 
1,370,000 
1,170,000 
1,160,000 
7,310,000 


1,145,489 
182,950 

762,050 
2,090,489 


2.  Years  l-2( 

Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


9,920,000 
3,760,000 
3,220,000 
3,180,000 
20,080,000 


3,147,715 
502,110 

2,093,184 
5,743,009 


Scenario  #1,  Area  2 
1.  Years  1-10 


Corn 
Soybeans 
Soybeans- 
Wheat 
Total 


1,840,000 
700,000 
600,000 
590,000 

3,730,000 


583,850 
93,478 

389,201 
1,066,529 


2.  Years  l-2( 

Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


6,360,000 
2,400,000 
2,060,000 
2,040,000 
12,860,000 


2,018,092 
320,496 

1,340,946 
3,679,534 
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Table  6.1.1G  (Continued) 

Crop        Gross  Income        Net  Return  to 
(Cum)  ($)  Land  &  Mgrat 

(Cum)  {$) 

Scenario  #2,  Area  1 

1.  Years  1-10 

Corn  3,820,000  1,212,124 

Soybeans  1,450,000  193,633 

Soybeans-  1,240,000 

Wheat  1,230,000  807,838 

Total  7,740,000  2,213,595 

2,  Years  1-20 

Corn  20,300,000  6,441,393 

Soybeans  7,700,000  1,028,258 

Soybeans-  6,600,000 

Wheat  6,520,000  4,291,027 

Total  41,120,000  11,760,678 

Scenario  #2,  Area  2 

1.  Years  1-10 

Corn  2,420,000  767,890 

Soybeans  920,000  122,857 

Soybeans-  790,000 

Wheat  780,000  513,484 

Total  4,910,000  1,404,231 

2.  Years  1-20 

Corn  12,880,000  4,086,953 

Soybeans  4,880,000  651,675 

Soybeans-  4,180,000 

Wheat  4,140,000  2,721,139 

Total  26,080,000  7,459,767 
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Table  6.1.1G  (Continued) 

Crop         Gross  Income       Net  Return  to 
(Cum)   ($)  Land  &  Mgmt 

(Cum)  ($) 

Scenario  #2,  Area  3 

1.  Years  1-10 

Corn  1,460,000  463,273 

Soybeans  550,000  73,447 

Soybeans-  470,000 

Wheat  470,000  307,436 

Total  2,950,000  844,156 

2.  Years  1-20 

Corn  18,040,000  5,724,272 

Soybeans  6,840,000  913,414 

Soybeans-  5,860,000 

Wheat  5,800,000  3,813,520 

Total  36,540,000  10,451,206 

Scenario  #2,  Area  4 

1.  Years  1-10 

Corn  320,000  101,539 

Soybeans  120,000  16,025 

Soybeans-  100,000 

Wheat  100,000  65,412 

Total  640,000  182,976 

2,  Years  1-20 

Corn  580,000  184,040 

Soybeans  220,000  29,379 

Soybeans-  180,000 

Wheat  180,000  117,742 

Total  1,160,000  331,161 


Scenario  #3  (both  areas) 

Same  as  Scenario  #1,  Areas  1  and  2,  years  1-10 
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Table  6.1.1H:  Cumulative  value  of  total  acreage  in  row 

crops   without   the  mining  projects  (Run  #2) 


Crop 


Gross    Income 
(Cumulative) 
($) 


Scenario    #1,    Area    1 
1.    Years    1-10 


Net    Return    to 
Land    &    Mgmt 
(Cum)      ($) 


Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


4,440,000 
1,680,000 
1,440,000 
1,420,000 
8,980,000 


1,408,856 
224,347 

935,392 
2,568,595 


2.  Years  1-20 

Corn 

Soybeans 
Soybeans- 
Wheat 


Total 


8,880,000 
3,360,000 
2,880,000 
2,840,000 
17,960,000 


2,817,713 
448,694 

1,870,783 
5,137,190 


Scenario  #1,  Area  2 
1.  Years  1-10 


Corn 

Soybeans 
Soybeans- 
Wheat 
Total 


1,670,000 
630,000 
540,000 
540,000 

3,380,000 


529,908 
84,130 

353,225 
967,263 


2.  Years  1-20 

Corn 
Soybeans 
Soybeans- 
Wheat 
Total 


3,340,000 
1,260,000 
1,080,000 
1,080,000 
6,760,000 


1,059,815 
168,260 

706,450 
1,934,525 
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Table  6.1.1H  (Continued) 

Crop  Gross  Income      Net  Return  to 

(Cum)  ($)         Land  &  Mgmt 

(Cum)  {$) 

Scenario  #2,  Area  1 

1.  Years  1-10 

Corn  4,210,000  1,335,875 

Soybeans  1,600,000  213,664 

Soybeans-  1,370,000 

Wheat  1,350,000  889,603 

Total  8,530,000  2,439,142 

2.  Years  1-20 

Corn  8,420,000  2,671,750 

Soybeans  3,200,000  427,328 

Soybeans-  2,740,000 

Wheat  2,700,000  1,779,206 

Total  17,060,000  4,878,284 


Scenario  #2,  Area  2 

1.  Years  1-10 

Corn  1,870,000              593,370 

Soybeans  710,000               94,813 

Soybeans-  610,000 

Wheat  600,000              395,743 

Total  3,790,000            1,083,926 


2.  years  1-20 

Corn          3,740,000  1,186,739 

Soybeans      1,420,000  189,627 
Soybeans-     1,220,000 

Wheat         1,200,000  791,485 

Total         7,580,000  2,167,851 
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Table  6.1.1H  (Continued) 

Crop  Gross  Income     Net  Return  to 

(Cum)   ($)        Land  &  Mgmt 

(Cum)   ($) 

Scenario  #2,  Area  3 

No  land  in  agricultural  production  years  1-20 

Scenario  #2,  Area  4 

1.  Years  1-10 

Corn  410,000  130,097 

Soybeans  150,000  20,031 

Soybeans-  130,000 

Wheat  130,000  85,036 

Total  820,000  235,164 

2.  Years  1-20 

Corn  820,000  260,194 

Soybeans  300,000  40,062 

Soybeans-  260,000 

Wheat  260,000  170,071 

Total  1,640,000  470,327 


Scenario  #3  (both  areas) 

Same  as  Scenario  #1,  Areas  1  and  2,  years  1-10 
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Table  6.1.11 


Summary —  Cumulative  value  of  total  acreage 
in  row  crops   with   the  mining  projects 
(Run#  1) 


Gross  Income   Net  Return  to   Net  Income 


Scenario  #1 
(both  areas) 

Years  1-10 
Years  1-20 


(Cumulative] 
($) 


9, 200,000 
27,460,000 


Land  &  Mgmt 
(Cum)  ($) 


1,309,551 
3,914,241 


Minus  Drainage 
Cost  (Cum)  ($) 


959,900 
2,869,138 


Scenario  #2 
(all  areas] 


Years  1-10 
Years  1-20 


13,530,0(i 
87,380,0(; 


1,927,207 
12,447,437 


1,412,643 
9,123,971 


Scenario  #3 
(both  areas] 

Years  1-10 


same  as  Scenario  #1,  years  1-10 


Table  6.1.1J 


Summary —  Cumulative  value  of  total  acreage 
in  row  crops   without   the  mining  projects 
(Run  #1) 


Scenario  #1 
(both  areas) 


Gross  Income 
(Cumulative) 
($) 


Net  Return  to 
Land  &  Mgmt 
(Cum)  ($) 


Net  Income 
Minus  Drainage 
Cost  (Cum)  ($) 


Years 
Years 


1-1! 
l-2( 


10,29t 
20,58( 


1,465,266 
2,930,532 


1,074,040 
2,148,080 


Scenario  #2 
(all  areas) 

Years  1-10 
Years  1-20 


10,940,000 
21,880,000 


1,560,684 
3,121,366 


1,143,981 
2,287,961 


Scenario  #3 
(both  areas) 

Years  1-10 


same  as  Scenario  #1,  years  1-10 
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Table  6.1. IK:  Summary —  Cumulative  impacts  on  row  crop 
agriculture  years  1-20  with  and  without 
the  projects  (Run  #1)  -  Net  income  minus 
drainage  costs  ($) 

Years   1-10  Years  1-20 

With          Without  With  Without 

Scenario  #1       959,900     1,074,040  2,869,138  2,148,080 

Scenario  #2     1,412,643     1,143,981  9,123,971  2,287,961 

Scenario  #3       959,900     1,074,040 


Table  6.1.1L:  Summary —  Cumulative  value  of  total  acreage 
in  row  crops   with   the  mining  projects 
(Run  #2) 

Gross  Income   Net  Return  to   Net  Income 
(Cumulative)   Land  &  Mgmt     Minus  Drainage 
($)         (Cum)  ($)       Cost  (Cum)  ($) 
Scenario  #1 
(both  areas) 

Years  1-10      11,040,000       3,157,018     2,314,094 
Years  1-20      32,940,000       9,422,543     6,906,724 


Scenario  #2 
(all  areas) 

Years  1-10      16,240,000       4,644,958     3,404,754 
Years  1-20     104,900,000      30,002,812    21,992,061 


Scenario  #3 

(both  areas)  ^ 

Years  1-10       same  as  Scenario  #1,  years  1-10 
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Table  6.1.1M:  Summary —  Cumulative  value  of  total  acreage 
in  row  crops   without   the  raining  projects 
(Run  #2) 

Gross  Income   Net  Return  to   Net  Income 
(Cumulative)   Land  &  Mgmt     Minus  Drainage 
($)        (Cum)  ($)      Cost  (Cum)  ($) 
Scenario  #1 
(both  areas) 

Years  1-10      12,360,000       3,535,858     2,591,784 
Years  1-20      24,720,000       7,071,715     5,183,567 

Scenario  #2 
(all  areas) 

Years  1-10      13,140,000       3,758,232     2,754,784 
Years  1-20      26,280,000       7,516,462     5,509,567 

Scenario  #3 
(both  areas) 

Years  1-10      same  as  Scenario  #1,  years  1-10 


Table  6.1. IN:  Summary —  Cumulative  impact  on  row  crop 

agriculture  years  1-20  with  and  without 

the  projects  (Run  #2)  -  Net  income 
minus  drainage  costs  ($) 

Years  1-10  Years  1-20 

With       Without  With      Without 

Scenario  #1     2,314,094   2,591,784  6,906,724   5,183,567 

Scenario  #2     3,404,754   2,754,784  21,992,061   5,509,567 

Scenario  #3     2,314,094   2,591,784 

6.1.1.2.3  Summary  and  Conclusions 

6.1.1.2.3.1  Net  Annual  Income  from  Mined  Lands  Reclaimed 
to  Agriculture 

Using  the  assumptions  for  Run  #1,  the  annual  income  at  year 
20  under  Scenario  #1  is  estimated  to  be  $231,597  on  8,440  acres 
planted  to  corn,  soybeans  and  wheat.  Annual  income  under 
Scenario   #2   at   year  20  is  estimated  to  be  $1,121,789  on  40,887 
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acres.   Under  Scenario  #3,  annual  income  at  year  10  is  $36,585  on 
1,332  acres . 

For  Run  #2,  with  the  slightly  higher  prices  and  a  higher 
yield  for  soybeans  double  cropped,  the  annual  income  at  year  20 
under  Scenario  #1  is  estimated  to  be  $677,191  for  8,440  acres 
planted  to  corn,  soybeans  and  wheat.  Under  Scenario  #2,  with  the 
same  crop  mix,  annual  income  at  year  20  is  estimated  to  be 
$3,280,232  on  40,887  acres.  Annual  income  under  Scenario  #3  at 
year  10  would  be  $106,948  on  1,332  acres. 

6.1.1.2.3.2  Cumulative  Value  of  Agricultural  Lands  Under  the 
Alternative  Scenarios 

Based  on  Run  #1  assumptions,  cumulative  net  income  minus 
drainage  costs  under  Scenario  #1  for  the  20-year  study  period  is 
approximately  $2,869,000  with  the  projects  and  $2,148,000 
without  the  projects.  Under  Scenario  #2,  cumulative  net  income 
for  the  20-year  period  is  approximately  $9,124,000  with  the 
projects  and  $2,288,000  without  the  projects.  Estimated 
cumulative  net  income  under  Scenario  #3  during  the  period  prior 
to  industry  failure  and  flooding  of  the  permitted  areas  (years 
1-10)  is  $960,000  with  the  projects  and  $1,074,000  without  the 
projects.  The  with-project  loss  in  agricultural  production 
during  years  1-10  under  Scenarios  #1  and  #3  is  due  to  the 
conversion  of  agricultural  land  into  mined  acreage.  Since 
reclamation  in  Area  1  (Scenarios  #1  and  #3)  involves  the 
creation  of  a  1454-acre  lake  during  the  first  10  years  of 
mining,  more  agricultural  land  is  lost  to  mining  than  is  gained 
via  reclamation  during  this  period.  Thus  the  cumulative  value  of 
agricultural  production  under  these  two  scenarios  is  lower  with 
the  projects  than  wihout  the  projects  for  the  first  10  years. 

Based  on  Run  #2  assumptions,  cumulative  net  income  minus 
drainage  costs  for  the  20-year  period  under  Scenario  #1  is 
estimated  at  approximately  $6,907,000  with  the  projects  and 
$5,184,000  without  the  projects.  Under  Scenario  #2,  cumulative 
net  income  for  the  20  years  is  about  $21,992,000  with  the 
projects  and  $5,510,000  without  the  projects.  Estimated 
cumulative  net  income  under  Scenario  #3  during  years  1-10  is 
approximately  $2,314,000  with  the  projects  and  $2,592,000 
without  the  project. 

The  mining  projects  will  thus  add  between  $2.9  and  6.9 
million  (Scenario  #1)  or  between  $9.1  and  22  million  (Scenario 
#2)  to  the  local  agricultural  economy  during  the  20-year  study 
period.  Under  Scenario  #3,  the  local  agricultural  economy  will 
lose  between  $114,000  and  $278,000  during  10  years  of  mining. 
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6,1.2  Forest  Products 

6.1.2.1  Approach/Assumptions 

Data  were  collected  on  the  present  forestry  production 
value  of  the  areas  covered  by  the  scenarios  prior  to  peat  mining 
activities.  Information  on  forest  products  was  scarce.  No 
information  was  obtained  for  Areas  2  and  4  (Scenario  #2).  Total 
acreage  of  woodland  by  type  was  based  on  habitat  type/land  use 
data  in  Appendix  10.1. 


Assumptions  made  were: 

1.  The  pocosin  acreage  in  Area  1  of  Scenario  #1  was  assumed  to 
have  no  present  timber  value  (based  on  discussions  with  H. 
Truesdell,  First  Colony  Farms,   and  Sizemore  and  Sizemore, 

a  consulting  firm  that  conducted  a  forest  appraisal  survey 
on  First  Colony  Farms  in  1978). 

2.  The  current  total  timber  value  for  Areas  1  and  3  of 
Scenario  #2  was  estimated  at  $1,500,000.  Several  Atlantic 
white  cedar  and  swamp  hardwood  forest  stands  of  high  value 
are  located  in  Area  3,  but  limited  access  reduces  their 
value  considerably  below  their  potential  market  value  of 
several  million  dollars  (H.  Truesdell,  First  Colony  Farms, 
personal  communication)  . 

3.  All  timber  would  be  cut  once  a  block  was  established  for 
peat  mining.  This  would  reduce  harvest  costs  and  maximize 
returns. 

4.  Pine  plantation  value  was  based  on  a  per  acre  value  at  year 
20  (site  index  40-60).  The  value  from  years  0  to  20  is 
based  roughly  on  a  yield  of  35-40  (approximately  2  cords 
per  years)  cords  per  acre  for  pulpwood  at  $15-25  per  cord 
value.  These  values  assume  a  well-managed  plantation 
(fully  stocked).  The  values  are  prorated  and  adjusted  for 
future  worth  at  6%  inflation. 

5.  A  large  portion  of  this  plantation  land  will  act  as  a 
buffer  strip  and  would  not  be  available  for  harvesting. 
The  amount  of  this  land  can  not  be  determined  at  this  time. 
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6.1.2.2  Data 


Table  6.1.2A:  Scenario  #2  (Areas  1  and  3)--  Value  of  timber 
harvested  prior  to  peat  mining 


Area 


Year 


Timber  Value  {$; 


1 

1 

3 
3 

Total  value 


10 

0 

20 

0 

10 

233,000 

20 

1,500,000 

1,500,000 

Table  6.1.2B:  Scenario  #2--  Value  of  plantation  pine  if 
harvested  at  year  20 


Area 


Year 


Timber  Value  ($) 


1  10 

1  20 

2  10 

2  20 

3  10 

3  20 

4  10 
4  20 

Total  value 


0 
1,291,500  -  2,460,000 


645,750  -  1,230,000 

0 
1,102,500  -  2,100,000 

0 
2,086,875  -  3,975,000 

5,124,000  -  9,765,000 


6.1.2.3  Conclusions  j,. 

The  present  value  of  the  timber  (hardwood,  cedar)  contained 
in  Areas  1  and  3  of  Scenario  #2  is  approximately  $1,500,000.  The 
plantation  pine  in  all  four  areas  will  have  a  $5  -  10  million 
value  at  year  20  if  1)  it  is  all  harvested  and  2)  it  has  been 
properly  managed.  The  net  result  will  be  a  gain  in  timber  value 
due  to  the  activity  of  peat  mining  and  reclamation  in  pine 
plantations.  However,  Atlantic  white  cedar  habitat  will  be 
significantly  reduced. 
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6.1.3    Fish 

6.1.3.1  Approach/Assumptions 

Major   freshwater   and  estuarine  recreational  and  commercial 
fisheries   occur   in  and  around  the  Albemarle-Pamlico  Peninsula. 
However,   available   information  is  not  extensive  enough  to  fully 
assess   the  impacts  that  may  occur  as  a  result  of  the  alternative 
scenarios  (see  section  7.1). 

The  literature  for  North  Carolina  and  other  coastal 
estuarine  areas  of  the  United  States  were  examined  to  determine 
the  results  of  studies  related  to  the  fisheries  impacts  of 
altered  freshwater  flows.  (Abstracts  of  literature  reviewed  may 
be  found  in  Appendix  10.3.)  Altered  salinities  and  water 
quality  in  marine  finfish  and  shellfish  nursery  grounds  are 
considered  negative  impacts  by  many  biologists  familiar  with 
such  areas  (Stegman,  1981).  The  major  factors  that  alter 
historic  freshwater  flow  patterns  and  water  quality  are  upstream 
municipal  and  industrial  development  (including  dams)  and  local 
and  upstream  agricultural  practices.  These  factors,  as  well  as 
exploitation,  have  degraded  many  fisheries  (Rote  and  Roberts, 
1981;  Stegman,  1981;  Armstrong  and  Ward,  1981;  Spear,  1981). 
The  impacts  on  estuarine  fisheries  of  large-scale  agriculture, 
forestry  and  peat  mining  activities  that  accelerate  drainage  and 
otherwise  modify  normal  movemets,  quantities  and  quality  of 
surface  waters  are  not  fully  understood  and  should  be 
investigated  further. 

6.1.3.2  Conclusions 

6.1.3.2.1  Scenario  #1 

6.1.3.2.1.1  Area  1 

The  fisheries  resources  of  Area  1  are  limited  to  canals  and 
low  order  streams.  Appreciable  sport  or  commercial  fisheries  do 
not  exist  in  the  immediate  area  covered  by  this  scenario,  and 
the  species  are  generally  tolerant  of  low  pH-humic  waters  which 
may  be  subject  to  periodic  drying.  Drainage  and  lowered  water 
tables  will  restrict  fish  to  canal  and  water  storage  areas. 
Reduced  flows  of  streams  (all  waters  are  to  be  stored  in 
temporary  ponds)  could  eliminate  fish  from  small  streams  during 
much  of  the  year.  Migration  and  spawning  of  many  species  occurs 
in  late  winter  and  spring.  Accelerated  removal  of  the  waters  at 
this  time  will  limit  those  activities. 

Since   lateral   seepage   is   indicated  as  low  in  peat  soils, 
water   levels   of   Pungo  Lake  and  Lake  Phelps  may  not  be  affected 
by   lowering   of  soil  water  levels  some  distance  from  the  lakes. 
However,   alterations  of  surface  drainage  patterns  to  or  from  the 
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lakes    may    affect    their    levels   and,   consequently,   their 
fisheries . 

No  other  significant  effects  on  the  fisheries  of  Lake 
Phelps  or  Pungo  Lake  are  anticipated  unless  there  is  increased 
sedimentation  due  to  wind  blown  material.  An  increase  in 
sedimentation  could  be  a  significant  problem  to  Lake  Phelps, 
especially  since  the  present  levels  of  suspended  residue  in  this 
lake  are  extremely  low. 

Until  water  quality  and  configuration  of  the  storage  lakes 
are  more  clearly  described,  predictions  of  the  fish  complexes 
which  may  develop  in  the  areas  are  not  possible.  If  the  water 
quality  resembles  that  of  Pungo  Lake,  the  fisheries  will  be  less 
desirable  than  if  the  water  quality  resembles  Lake  Phelps. 

Suspended  organic  matter  (probably  of  peat  origin),  low  pH, 
low  total  hardness  and  shallow  character  (less  than  3  ft)  of 
Pungo  Lake  precludes  a  desirable  sport  fishery.  Species  present 
include  yellow  bulhead,  channel  catfish,  longnose  gar, 
mosquitof ish,  and  little  else.  The  standing  crop  is  probably 
less  than  40  pounds  per  acre. 

Lake  Phelps  apparently  is  not  afflicted  with  as  many 
factors  limiting  to  fish  and  as  a  result  the  fish  population  is 
considered  more  desirable. 

No  significant  effects  on  anadromous  species  are  expected. 

Aquaculture  potentials  have  not  been  adequately  explored 
and  would  depend  on  characteristics  of  soils,  waters  and  species 
cultured.  Availability  of  pumping  facilities  and  high  quality 
aquifer  water  suggest  that  a  potential  for  this  activity  exists. 


6.1.3.2.1.2  Area  2 

Studies   of   the   fish  and  fisheries  of  Area  2  have  not  been 
conducted,  but  they  are  probably  similar  to  those  of  Area  1. 

A  difference  is  that  some  streams  and  canals  are  connected 
to  the  Intracoastal  Waterway  (IWW)  and  may  be  periodically 
invaded  by  estuarine  forms  including  American  eel  and  herring. 
Drainage  canals  opening  into  the  IWW  may  provide  additional 
spawning  sites  for  herring,  but  will  probably  not  significantly 
increase  the  population  of  this  species.  American  eel  elvers 
may  also  use  the  new  environments,  but  their  overall  population 
will  probably  not  be  increased. 

Drainage   of   water   from   Area   2   to  the  IWW  suggests  that 
impacts  on  Lake  Mattamuskeet  fisheries  will  be  negligible. 
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Aquaculture  potential  is  similar  to  that  of  Area  1,  except 
that  brackish  waters  may  also  be  available,  depending  on  canal 
depths  in  relation  to  the  water  level  of  the  IWW. 

Waters  drained  to  the  IWW  would  result  in  increased 
amplitudes  of  fresh  water  during  times  of  high  precipitation  and 
reduced  fresh  water  during  periods  of  low  rainfall.   Thus 
salinities  and  flows  of  the  IWW  may  be  affected.   Impacts  of 
those  changes  and  the  extent  to  which  they  may  influence  the 
Pungo  and  Alligator  Rivers  and  their  fisheries  are  not  known. 


6.1.3.2.2  Scenario  #2 

6.1.3.2.2.1  Area  1 

Impacts  on  fisheries  will  be  similar  to  those  described  in 
section  6.1.3.2.1.1;  however,  the  volume  of  drainage  water 
entering  the  Pungo  River  via  Canal  B  will  be  much  greater.   The 
effect  of  this  increased  runoff  on  the  fisheries  in  receiving 
waters  is  unknown. 


6.1.3.2.2.2  Area  2 

Impacts  on  fisheries  will  be  similar  to  those  described  in 
section  6.1.3.2.1.2. 


6.1.3.2.2.3  Area  3 

Impacts  will  be  similar  to  Area  2  except  that  waters  would 
move  by  sheet  flow  toward  the  IWW  and  the  Alligator  River. 
Volumes  and  periodicities  would  be  determined  by  velocities  of 
sheet  flow,  presumably  greater  than  presently  occur. 

6. 1. 3.2. 2. 4  Area  4 

The  effects  of  increased  amplitudes  of  fresh  water  to  the 
Alligator  River  and  its  associated  fisheries  can  not  be 
determined  until  these  fisheries  are  described. 

The  fisheries  that  are  likely  to  develop  in  the  lagoons 
will  probably  be  similar  to  those  described  for  the  water 
storage  areas  in  section  6.1.3.2.1.1. 
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6.1.3.2.3  Scenario  #3 

6.1.3.2.3.1  Area  1 

Failure  of  the  industry  and  flooding  of  the  mined  areas 
will  result  in  fish  populations  other  than  those  present  in 
streams  and  canals.   Depending  on  the  expanses  and  depths  of  the 
flooded  areas,  the  fish  populations  will  be  more  or  less  similar 
to  those  currently  found  in  standing  waters  in  the  area  (see 
section  6.1.3.2.1.1).   If  the  waters  are  of  appreciable  depth 
and  permanent  in  nature,  the  freshwater  fisheries  may  be  of 
value  as  recreational  resources  and  as  limited  commercial 
fisheries . 


6.1.3.2.3.2  Area  2 

Freshwater  fisheries  impacts  will  probably  be  similar  to 
those  in  Area  1  except  that  abandoned  drainage  canals  may 
continue  to  function  and  divert  surface  waters  to  the  IWW.   The 
use  of  the  canals  by  anadromous  and  catadromous  (American  eel) 
species  will  depend  on  flows  in  the  canals  and  the  extent  of 
vegetative  re-establishment. 
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6.1.4  Wildlife 

6.1.4.1  Approach/Assumptions 

Wildlife  habitat  impacts  were  evaluated  (Appendix  10.4) 
through  a  modified  Habitat  Evaluation  Procedure  (HEP)  analysis 
(U.S.  Fish  and  Wildlife  Service,  1980)  which  involved: 

1.  Inventorying  existing  habitat-land  use  types  in  each 
project  area 

2.  Selecting  an  array  of  "indicator  species"  representative  of 
various  environmental  conditions 

3.  Determining  a  Habitat  Suitability  Index  (HSI)  for  each 
species  in  each  habitat-land  use  type 

4.  Selecting  a  regression  that  describes  the  change  from  one 
type  to  another,  under  each  scenario  and  the  no  change 
alternative 

5.  Computing  annualized  habitat  units  (HSI  x  (type  x  acres)) 
for  each  species  for  each  year  during  the  project  period 
and  summing  the  results  as  indicators  of  impacts  during 
the  period 

6.  Computing  average  HSI's  for  each  species  for  each  area 
pre-  and  post-project  as  static  indicators  of  conditions 
at  those  times 


Validity  of  the  process  depends  upon  the  degree  to  which 
the  array  of  species  used  reflects  total  "wildlife  value"  in  the 
area,  the  validity  of  the  Habitat  Suitability  Indices  (HSIs), 
and  the  accuracy  with  which  land  use  change  regressions  reflect 
actual  events  --  all  of  which  are  subject  to  large  error.  It 
does,  however,  provide  a  quantitative,  reproducible  measure  of 
impacts  and  its  assumptions  and  mathematical  functions  are 
declared  and  can  be  modified  to  accommodate  differences  in 
opinion  and  to  test  sensitivity. 

Indicator  species  and  habitat  suitability  indices  were 
obtained  from  the  North  Carolina  Wildlife  Resources  Commission 
(D.  Stewart,  North  Carolina  Wildlife  Resources  Commission, 
personal  communication).  Habitat  types  and  acreages  of  each 
habitat  type  were  based  on  data  in  Appendix  10.1.  Changes  in 
land  use  over  time  were  based  on  the  scenarios  and,  for  the  no 
change  alternative,  on  reasonable  assumptions  (e.g.,  rotation 
rates  on  forested  lands)  . 
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Assumptions  made  in  the  simulation  were: 
Without  the  project: 

1.  No  timber  is  harvested  from  high  or  low  pocosins 

2.  Agricultural  land,  residential  development,  roads  and 
rights-of-way,  and  other  developed  area  habitat  types 
remain  in  current  acreage 

3.  Disturbed  areas  revert  to  native  vegetation  in  the  same 
proportions  as  currently  exist,  as  an  exponential 
function  over  5  years 

4.  Forested  habitat  types  are  harvested  (converted  to 
disturbed  land)  at  exponential  rates  corresponding 
to  the  reciprocal  of  their  rotation  period: 


Assumed  Rotation  Ages 


Habitat  Type 


Evergreen  forest 
Mixed  forest 
Deciduous  forest 
White  cedar  swamp 
Mixed  swamp 
Bay  forest 


Rotation  Period 
(years) 

30 
60 
60 
80 
80 
100 


5.  All  inactive  unreclaimed  mine  reverts  to  water  and  marsh 
habitat  as  a  linear  function  over  5  years 

With  the  project  -  all  scenarios: 

1.  Habitat  types  are  converted  to  peat  mine  in  the  same 
proportions  as  they  currently  exist 

2.  Inactive  mine  that  is  reclaimed  as  native  vegetation 
reverts  to  each  native  vegetation  habitat  type  in  the 
same  proportion  as  it  currently  exists 
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6.  1.4. 2  Data 


Table  6.1.4A:  Scenario  #1--  Total  accrued  annualized  habitat 
units  at  the  end  of  the  project  period,  with 
and  without  the  project 


Area  1 
Area  2 
Total 


With 
56,594 
26,604 
83,198 


Without   Difference  %  Change 
64,828     -8,234     -12.7 
31,259     -4,655     -14.9 


96,087    -12,889 


-13.4 
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Table  6 .  1 . 4B :  Scenario  #1,  Area  1 —  Accrued  annualized  habitat 
units  at  end  of  project  period,  with  and 
without  the  project,  by  species 

Species  With  Without  Difference  %  Change 

Black  bear  5,975  9,470  -3,485  -36.8 

Whitetail  deer  8,201  8,586  -   385  -  4.5 

Marsh  rabbit  5,916  8,375  -2,459  -29.4 

Muskrat  3,804  3,110  +   694  +22.3 

Bobwhite  8,043  6,905  +1,138  +16.5 

Mourning  dove  6,776  4,707  +2,069  +44.0 

Great  horned  owl  6,244  5,837  +   407  +  7.0 

Pine  warbler  2,173  4,313  -2,140  -49.6 

Hairy  woodpecker  2,333  4,515  -2,182  -48.3 

Bobcat  7,129  9,009  -1,880  -20.9 

Table  6.1.4C:  Scenario  #1,  Area  2--  Accrued  annualized  habitat 
units  at  end  of  project  period,  with  and 
without  the  project,  by  species 

Species 

Black  bear 

Whitetail  deer 

Marsh  rabbit 

Muskrat 

Bobwhite 

Mourning  dove 

Great  horned  owl   2,932 

Pine  warbler 

Hairy  woodpecker   1,512 

Bobcat 


With 

Without 

Di  f ference 

%  Change 

2,771 

4,188 

-1,417 

-33.8 

3,730 

4,004 

-   274 

-  6.8 

2,283 

3,206 

-   923 

-28.8 

1,334 

98  8   >- 

+   346 

+  35.0 

3,767 

3,244 

+   543 

+  16.7 

3,423 

2,474 

+   949 

+  38.4 

2,932 

3,061 

-   129 

-  4.2 

1,668 

3,114 

-1,446 

-46.4 

1,512 

2,837 

-1,325 

-46.7 

3,184 

4,143 
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-   959 

-23.1 

Species 

Beginning 

of  Period 

Area  1 

Black  bear 

0.48 

Whitetail  deer 

0.63 

Marsh  rabbit 

0.42 

Muskrat 

0.20 

Bobwhi te 

0.60 

Mourning  dove 

0.48 

Great  horned  owl 

0.48 

Pine  warbler 

0.16 

Table  6.1.4D:  Scenario  #1--  Average  Habitat  Suitability  Index, 
Iqy  species,  for  the  beginning  and  end  of  the 
project  period,  with  and  without  the  project 

End  of  Period 
Without  Project   With  Project 

0.63  0.31 

0.52  0.47 

0.56  0.32 

0.20  0.29 

0.40  0.51 

0.25  0.48 

0.34  0.36 

0.30  0.15 

Hairy  woodpecker   0.19                     0.31  0.13 

Bobcat             0.57                     0.57  0.37 

Area  2 

Black  bear         0.52                    0.61  0.30 

Whitetail  deer     0.62                    0.55  0.48 

Marsh  rabbit       0.41                    0.47  0.25 

Muskrat            0.16                    0.14  0.25 

Bobwhite           0.56                     0.43  0.57 

Mourning  dove      0.45                    0.31  0.59 

Great  horned  owl   0.48                     0.41  0.38 

Pine  warbler       0.31                    0.45  0.19 

Hairy  woodpecker   0.30         •            0.41  0.15 

Bobcat             0.58                     0.58  0.35 
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Table  6.1.4E:  Scenario  #2--  Total  accrued  annualized  habitat 
units  at  the  end  of  the  project  period,  with 
and  without  the  project 


With 

Without 

Difference 

%  Chan 

Area  1 

103,534 

125,601 

-22,067 

-17.6 

Area  2 

53,301 

64,100 

-10,799 

-16.8 

Area  3 

95,196 

117,228 

-22,032 

-18.8 

Area  4 

42,761 

56,302 

-13,541 

-24.1 

Total 

294,791 

363,230 

-68,439 

-18. 

Table  6.1.4F:  Scenario  #2,  Area  1--  Accrued  annualized  habitat 
units  at  the  end  of  the  project  period,  with 
and  without  the  project,  by  species 


Species  With  Without 

Black  bear  12,031  20,057 

Whitetail  deer  14^206  16,311 

Marsh  rabbit  11,632  17,304 

Muskrat  6,818        4,709 

Bobwhite  13,313  11,606 

Mourning  dove  11,118        6,489 

Great  horned  owl  10,460  10,747 

Pine  warbler  5,554        9,752 

Hairy  woodpecker  5,481  10,254 

Bobcat  12,920  18,371 


Di  f f ecence 
-8,026 
-2,105 
-5,672 
+2, 109 
+1,707 
+4,629 
-  287 
-4,198 
-4,773 
-5,451 


%  Change 

-40.0 
-12.9 
-32.8 
+  44.8 
+  14.7 
+  71.3 
-  2.7 
-43.0 
-46.5 
-29.7 
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Table  6.1.4G:  Scenario  #2,  Area  2--  Accrued  annualized  habitat 
units  at  end  of  project  period,  with  and 
without  the  project,  by  species 


Species  With  Without 

Black  bear  6,276  9,948 

Whitetail  deer  7,149  8,114 

Marsh  rabbit  5,449  8,355 

Muskrat  2,832  2,162 

Bobwhite  6,775  5,694 

Mourning  dove  5,962  3,391 

Great  horned  owl  5,394  5,714 

Pine  warbler  3,612  5,774 

Hairy  woodpecker  3,356  5,750 

Bobcat  6,496  9,198 


Difference 

-  3,672 

965 

-  2,906 
+  670 
+  1,081 
+  2,571 

320 

-  2,162 

-  2,394 

-  2,702 


%  Change 

-36.9 

-11.9 

-34.8 

+  31.0 

+  19.0 

+  75.8 

-  5.6 

-37.4 

-41.6 

-29.4 


Table  6.1.4H:  Scenario  #2,  Area  3--  Accrued  annualized  habitat 
units  at  end  of  project  period,  with  and 
without  the  project,  by  species 


Species  With  Without 

Black  bear  12,385  19,482 

Whitetail  deer  12,640  15,416 

Marsh  rabbit  10,118  14,546 

Muskrat  4,600  2,643 

Bobwhite  10,347  9,544 

Mourning  dove  8,646  4,389 

Great  horned  owl  9,965  10,389 

Pine  warbler  7,078  11,352 

Hairy  woodpecker  7,456  12,148 

Bobcat  11,961  17,318 
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Difference 

-  7,097 

-  2,776 

-  4,428 
+  1,957 
+  803 
+  4,257 

424 

-  4,274 

-  4,692 

-  5,357 


%  Change 

-  36.4 

-  18.0 

-  30.4 
+  74.0 
+  8.4 
+  97.0 

-  4.1 

-  37.6 

-  38.6 

-  30.9 


Table  6.1.41:  Scenario  #2,  Area  4--  Accrued  annualized  habitat 

units  at  the  end  of  the  project  period,  with 
and  without  the  project,  by  species 

Species         With       Without  Difference  %  Change 

Black  bear         5,750       9,018  -  3,268  -  36.2 

Whitetail  deer     5,379       7,495  -  2,116  -  28.2 

Marsh  rabbit       5,977       7,361  -  1,384  -  18.8 

Muskrat            3,067       1,711  +  1,356  +  79.3 

Bobwhite           3,472       4,883  -  1,411  -  28.9 

Mourning  dove      2,473       2,597  -    124  -   4.8 

Great  horned  owl   4,580       5,323  -    743  -  14.0 

Pine  warbler       2,919       4,483  -  1,564  -  34.9 

Hairy  woodpecker   3,415       5,051  -  1,636  -  32.4 

Bobcat             5,728       8,379  -  2,651  -  31.6 
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Table  6.1.4J:  Scenario  #2--  Average  Habitat  Suitability  Index, 
by  species,  for  the  beginning  and  end  of  the 
project  period,  with  and  without  the  project 

End  of  Period 
Without  Project   With  Project 


Species 

Beginning 

of  Period 

Area  1 

Black  bear 

0.60 

Whitetail  deer 

0.  59 

Marsh  rabbit 

0.  51 

Muskrat 

0.16 

Bobwhite 

0.48 

Mourning  dove 

0.32 

Great  horned  owl 

0.42 

Pine  warbler 

0.25 

Hairy  woodpecker 

0.28 

Bobcat 

0.61 

Area  2 

Black  bear 

0.63 

Whitetail  deer  0.56 

Marsh  rabbit  0.53 

Muskrat  0.15 

Bobwhite  0.42 

Mourning  dove  0.27 

Great  horned  owl  0.41 

Pine  warbler  0.36 

Hairy  woodpecker  0.36 

Bobcat  0.61 


0.69 
0.  53 
0.59 
0.  16 
0.36 
0.19 
0.34 
0.34 
0.36 
0.61 

0.67 
0.54 
0.  57 
0.  14 
0.37 
0.21 
0.37 
0.39 
0.39 
0.61 


0.27 
0.44 
0.27 
0.33 
0.53 
0.57 
0.34 
0.16 
0.12 
0.31 

0.27 
0.47 
0.22 
0.28 
0.59 
0.64 
0.37 
0.17 
0.12 
0.31 
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Table  6.1.4J   (continued) 


Species 

Beginning 

of  Period 

Area  3 

Black  bear 

0.76 

Whitetail  deer 

0.59 

Marsh  rabbit 

0.59 

Muskrat 

0.13 

Bobwhite 

0.32 

Mourning  dove 

0.15 

Great  horned  owl 

0.46 

Pine  warbler 

0.43 

Hairy  woodpecker 

0.49 

Bobcat 

0.67 

Area  4 

Black  bear 

0.71 

End  of  Period 
Without  Project  With  Project 


Whitetail  deer  0.58 

Marsh  rabbit  0.59 

Muskrat  0.17 

Bobwhite  0.32 

Mourning  dove  0.18 

Great  horned  owl  0.49 

Pine  warbler  0.34 

Hairy  woodpecker  0.43 

Bobcat  0.65 


0.76 
0.59 
0.56 
0.09 
0.  36 
0.15 
0.38 
0.46 
0.48 
0.67 

0.72 
0.56 
0.58 
0.12 
0.36 
0.17 
0.37 
0.37 
0.41 
0.64 


0.27 
0.47 
0.22 
0.28 
0.59 
0.64 
0.37 
0.17 
0.13 
0.31 

0.31 
0.  35 
0.53 
0.36 
0.21 
0.20 
0.25 
0.22 
0.20 
0.30 
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Table  6.L.4K:  Scenario  #3 —  Total  accrued  annualized  habitat 
units  at  the  end  of  the  project  period,  with 
and  without  the  project 

With  Without  Difference  %  Change 

Area  1      58,035  64,828     -6,793      -10.5 

Area  2      26,878  31,259     -4,381      -14.0 

Total       84,913  96,987  -11,174      -11.6 


Table  6.1.4L:  Scenario  #3,  Area  1--  Accrued  annualized  habitat 
units  at  the  end  of  the  project  period,  with 
and  without  the  project,  by  species 

Species 

Black  bear 

Whitetail  deer 

Marsh  rabbit 

Muskrat 

Bobwhi  te 

Mourning  dove 

Great  horned  owl  6,21 

Pine  warbler 

Hairy  woodpecker  2,247 

Bobcat 


With 

Without 

Difference 

%  Change 

5,339 

9,470 

-3,131 

-33.1 

8,267 

8,586 

-   319 

-  3.7 

7,017 

8,375 

-1,358 

-16.2 

4,911 

3,110 

+1,801 

+  57.9 

7,652 

6,905 

+   747 

+  10.8 

5,963 

4,707 

+1,256 

+  26.7 

6,210 

5,837 

+   373 

+  6.4 

1,916 

4,313 

-2,397 

-55.6 

2,  247 

4,515 

-2,268 

-50.2 

7,513 

9,009 

-1,496 

-16.6 
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Table  6.1.4M:  Scenario  #3,  Area  2 —  Accrued  annualized  habitat 
units  at  the  end  of  the  project  period,  with 
and  without  the  project,  by  species 


Species        With 
Black  bear        2,965 
Whitetail  deer    3,621 
Marsh  rabbit      3,026 
Muskrat  2,028 

Bobwhite  3,272 

Mourning  dove  2,646 
Great  horned  owl  2,814 
Pine  warbler  1,608 
Hairy  woodpecker  1,526 
Bobcat  3,373 


Without 
4,188 
4,004 
3,206 
988 
3,244 
2,474 
3,061 
3,114 
2,837 
4,143 


Di  f f erence 
-1, 153 

-  383 

-  180 
+1,040 
+  28 
+   172 

-  247 
-1, 506 
-1,311 

-  770 


%  Change 
-27.6 

-  9.6 

-  5.6 
+105.3 

+  0.9 
+  7.0 

-  8.1 
-48.4 
-46.2 
-18.6 
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Table  6.1.4N:  Scenario  #3--  Average  Habitat  Suitability  Index,  by 
species,  for  the  beginning  and  end  of  the  project 
period,  with  and  without  the  project 


Species 


Area  1 
Black  bear 


Beginni  ng 
of  Period 


Whitetail  deer 

Marsh  rabbit 

Muskrat 

Bobwhite 

Mourning  dove 

Great  horned  owl   0.48 

Pine  warbler       0.16 

Hairy  woodpecker   0.19 

Bobcat  0.57 


0.48 
0.63 
0.42 
0.  20 
0.60 
0.48 


End  of  Period 
Without  Project   With  Project 


0.63 
0.52 
0.56 
0.20 
0.40 
0.25 
0.34 
0.30 
0.31 
0.57 


0.39 
0.49 
0.53 
0.46 
0.43 
0.31 
0.36 
0.10 
0.12 
0.45 


Area  2 
Black  bear 


Whitetail  deer 

Marsh  rabbit 

Muskrat 

Bobwhite 

Mourning  dove 

Great  horned  owl   0.48 

Pine  warbler       0.31 

Hairy  woodpecker   0.30 

Bobcat  0.58 


0.52 
0.62 
0.41 
0.16 
0.  56 
0.45 


0.61 
0.  55 
0.47 
0.  14 
0.43 
0.31 
0.41 
0.45 
0.41 
0.58 


0.40 
0.45 
0.53 
0.47 
0.37 
0.27 
0.34 
0.18 
0.17 
0.44 
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6.1.4.3  Conclusions 

6.1.4.3.1  Scenario  #1 

With  the  mining  projects,  total  accrued  annualized  habitat 
units,  summed  over  all  species,  will  be  13%  less  in  Area  1,  15% 
less  in  Area  2,  and  13%  less  in  the  entire  project  area  than 
without  the  projects  (Table  6.1.4A).  This  sumiTiation  confounds 
gains  and  losses  among  the  indicator  species,  equates  all 
species,  and  assumes  comparability  and  linearity  among  all 
components  of  the  model.  A  more  valuable  interpretation  may  be 
gained  by  examining  impacts  upon  individual  species. 


Black  bear,  pine  warbler  and  hairy  woodp 
severely  (adversely)  affected  by  the  mining 
habitat  suitability  (Table  6 . 1 . 4D )  will  be 
During  the  20-year  project  period,  habitat  su 
projects  will  be  50-60%  of  no-project  co 
annualized  habitat  units.  Tables  6.1.4B  and 
are  associated  more  with  native  vegetation  ( 
evergreen  forest)  than  with  the  water  and  mars 
mined  areas  characteristic  of  dur ing-pro jec 
conditions.  The  bear,  a  wilderness  animal  wh 
in  areas  intensively  modified  by  man,  wil 
Habitat  Suitability  Index  (HSI)  of  0.2  fol 
project  period  (Table  6.1.4D)  and  a  habitat  qu 
63%  (Area  1)  and  51%  (Area  2)  dur ing-pro ject 
6. 1. 4B  and  C)  . 
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With  the  projects,  whitetail  deer  will  experience  a  10% 
decrease  in  HSI  in  Area  1  and  a  13%  decrease  in  Area  2,  compared 
to  no-project  conditions  (Table  6.1.4D),  and  a  4-7%  decrease 
during  the  projects  (Tables  6.1.4B  and  C) . 

Muskrat,  bobwhite,  mourning  dove  and  great  horned  owl  will 
all  benefit  from  the  projects.  The  muskrat  will  gain  about  22% 
(Area  1)  and  35%  (Area  2)  dur ing-pro ject  operation  (Table  6.1.4B 
and  C) ,  but  will  have  an  overall  suitability  of  0.25-0.29  at 
project  conclusion.  The  mourning  dove  will  gain  44%  (Area  1)  and 
38%   (Area   2)   during   the   projects   (Tables  6.1.4B  and  C)  ,  and 
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post-project  conditions  will  be  92%  (Area  1)  to  almost  200% 
(Area  2)  better  than  no-project  conditions  (Table  6.1.4D). 
Conditions  for  great  horned  owls  will  improve  about  7%  in  Area  1 
and  decline  4%  in  Area  2  dur ing-pro ject  operation  (Table  6 . 1 . 4B 
and  C) ,  and  will  be  about  the  same,  with  or  without  the 
projects,  after  the  20-year  period  (Table  6.1.4D). 

6.1.4.3.2  Scenario  #2 

Total  accrued  annualized  habitat  units,  with  the  mining 
projects  will  be  less  than  without  the  projects  in  each  area, 
summing  over  all  species  (Table  6,1.4E).  The  decline  in  total 
habitat  units  will  be  18%  in  Area  1,  17%  in  Area  2,  19%  in  Area 
3  and  24%  in  Area  4.  Overall,  habitat  quality  (as  measured  by 
the  evaluation  species  cited)  will  decrease  19%  from 
without-pro ject  conditions. 


Black 

bears  will  lose  60%  or 

more  in  habitat  suitability  in 

three   of  the  four  areas  with  the  p 

•rojects  compared  to  no-project 

conditions 
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planned   for  reclamation.  The 
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■  and  lake  areas  in  Area  4  will 

be   accompa 

nied   by   a   substantial 

loss   of  habitat  units  (28%) 

dur ing-pro j 

ect   operation  (Table  6. 

1.4F).  The  habitat  suitability 

for   deer 

in   Areas   1,   2  and  3  will  decline  20%  or  less  (Table 

6.1.4J).   H 

abitat   unit  losses  in  Areas  1,  2  and  3  dur ing-pro ject 

operation  will  be  less  than  20%  (Ta 

bles  6.1.4G-I) . 

Land 

conversion   with  the  pro 

ijects  will  severely  reduce  the 

habitat    suitability   for   marsh 

rabbit,   pine   warbler,   hairy 

woodpecker 

and   bobcat   in   Areas 

1,  2  and  3  over  the  no-project 

alternative 

(Table   6. 1. 4J) .   Habi 

tat   quality   for  marsh  rabbit 

will   be   reduced   because   of  the 

loss  of  low  pocosin  vegetation 

(HSI=0.54-0 

.66)   and   conversion   to   mined   land   (HSI=0.06)  and 

agriculture 

(HSI=0. 18) — partially 

off-set   by   the   increase  in 

water   (HSI 

=0.7)   in   Area   4.   The 

rabbit   HSI   for   water   was 

original ly 

intended   for  small-area  water  bodies  such  as  canals. 

and   for   marshy   areas.   The  4280- 

acre  water  body  in  Area  4  will 

not   be   suitable   habitat   for  marsh  rabbits,  but  was  assigned  a 

HSI   of   0. 

7   in   this   analysis. 

Thus  the  impacts  of  the  mining 

project   up 

on   this   species   in  Area  4  have  been  underestimated. 

Habitat   unit   loss  dur ing-pro ject 

operation  will  be  about  30%  in 

Areas  1,  2, 

and  3,  and  19%  in  Area 

4  (Tables  6,1.4F-I) . 
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Original  habitat  conditions  are  only  fair  in  all  areas  for 
pine  warbler  and  hairy  woodpecker  (HS I =0 . 25-0 . 43  for  warbler  and 
HSI=0. 28-0.49  for  woodpecker)  (Table  6.1.4J).  For  both  species, 
habitat  will  become  marginal  under  project  conditions  (HSI 
generally  less  than  0.2)  (Table  6.1.4J). 

Bobcat  habitat  suitability  will  decrease  about  30%  during 
the  projects  (Tables  6.1.4F-I),  and  resultant  HSIs  will  be  about 
50%  less  than  under  no-project  conditions  (Table  6.1.4J). 

Muskrat,  bobwhite  and  mourning  dove  will  experience 
substantial  increases  in  habitat  suitability  under  project 
conditions,  with  muskrat  and  mourning  dove  habitat  more  than 
doubling  in  quality  (Table  6.1.4J).  These  species  are  associated 
with  agriculture  and/or  water,  both  of  which  increase  in  all 
areas.  Initial  habitat  suitability  for  muskrat  is  poor  in  all 
areas  (HSI=<0.2).  Although  habitat  quality  will  be  greatly 
improved  with  the  projects  (HSI=about  0.3),  it  will  still  not  be 
high  enough  to  consider  any  of  the  areas  (in  total)  really 
suitable  for  muskrat  (Table  6.1.4J).  Canals  and  water  bodies 
created  by  the  projects  will,  however,  provide  excellent, 
localized  muskrat  habitat. 

Habitat  quality  for  great  horned  owl  will  be  relatively 
unaffected  by  the  projects  (Tables  6.1.4F-I),  except  in  Area  4 
where  conversion  to  residential  property  (HSI=0.3)  and  water 
(HSI=0.15)  will  reduce  overall  quality  by  about  30%  (Table 
6.1.4J) . 

6.1.4.3.3  Scenario  #3     '     ^  • 

With  the  mining  projects,  total  accrued  annualized  habitat 
units,  summed  over  all  species,  will  be  11%  less  in  Area  1  and 
14%  less  in  Area  2  than  without  the  projects  (Table  6,1.4K). 
Overall,  habitat  quality  will  decrease  about  12%  (as  measured  by 
the  evaluation  species  used). 

Pine  warbler  and  hairy  woodpecker  will  experience  the 
greatest  loss  in  habitat  suitability  with  the  mining  projects 
compared  to  no-project  conditions  at  the  end  of  the  period 
(Table  6.1.4N).  Loss  of  accrued  annualized  habitat  units  will 
range  from  46%  to  56%  during  the  projects  (Tables  6.1.4L  and  M) . 
Currently,  the  area  is  not  well  suited  for  either  species  (pine 
warbler  HS I =0 . 16-0 . 31;  hairy  woodpecker  HS I =0 .  19-0 . 30 )  . 

Black  bear  will  lose  34-38%  in  habitat  quality,  compared  to 
without-pro ject  conditions  (Table  6.1.4N),  and  accrued  habitat 
units  will  be  28-33%  less  than  under  without-pro ject  conditions 
(Tables  6.1.4L  and  M) .  Bobcats  will  sustain  less,  but  still 
substantial,    reduction    in    habitat    quality   under   project 
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conditions--about   18%   in   accrued   habitat  units  (Tables  6.1.4L 
and  M)  and  20-30%  in  post-project  conditions  (Table  6.1.4N). 

Whitetail   deer,   marsh   rabbit  and  great  horned  owl  will  be 
only   slightly   affected  by  project  conditions;  with-project  HSIs 
and   accrued   habitat   units  will  be  within  +20%  (and  usually 
within  +10%)  of  wi thout-pro ject  values  (Table  6.1.4N). 

Muskrat,  bobwhite  and  mourning  dove  will  all  benefit  from 
the  projects,  with  gains  of  more  than  200%  in  the  case  of 
mourning  dove  (Table  6.1.4N).  These  species  are  characteristic 
of  agricultural  and  aquatic  environments,  which  expand  as  a 
result  of  the  mining  projects. 

6.1.4.3.4  Summary 

Project  impacts  can  be  evaluated  in  terms  of  magnitude, 
significance,  and  possible  mitigation. 

Pine  warblers  and  hairy  woodpeckers  will  sustain  the 
greatest  overall  habitat  degradation  under  project  conditions 
(generally  50-60%).  Both  species  are  relatively  common,  widely 
distributed  and  tolerant  of  human  activity.  No  population  of 
either  species  will  be  jeopardized  and  mitigation  is  probably 
unnecessary. 

Black  bears  and  bobcats  will  sustain  proportionately  less 
loss  (generally  20-40%).  These  species  are  much  more  narrowly 
distributed,  and  the  bear  is  particularly  intolerant  of 
disturbance  and  human  activity.  HSIs  used  in  this  analysis  were 
based  upon  professional  opinion;  during-  and  post-project  values 
were  dependent  upon  estimates  of  the  effects  of  mitigation 
measures  (buffer  strips,  corridors,  habitat  type  interspersion) 
which  have  not  yet  been  tested.  The  implications  of  potential 
habitat  loss  and  of  errors  in  the  HSIs  used  are  therefore 
substantial.  If  necessary,  additional  mitigation  measures  could 
be  required  by  modifying  existing  permits  to  reduce  the  acreage 
disturbed  or  to  require  greater  reforestation  in  the  reclamation 
plans.  Legal  authority  for  permit  and  reclamation  plan 
modification  is  granted  by  G.  S.  74-51  (6th  paragraph)  and  G.  S. 
74-57.  Additional  strength  is  given  to  permit  and  plan 
modifications  to  mitigate  loss  of  wildlife  resources  by  G.  S. 
74-51,  which  makes  "unduly  adverse  effects  on  wildlife"  a  ground 
for  denying  a  permit  for  any  mining  operation. 

Whitetail  deer  and  the  great  horned  owl  will  be  only 
slightly  affected  by  the  projects,  except  in  Area  4  of  Scenario 
#2,  where  residential  development  and  open  water  reclamation 
will  decrease  available  habitat. 
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The  marsh  rabbit  is  widely  distributed  through  the  lower 
Coastal  Plain  and  will  be  moderately,  though  variably,  impacted 
by  the  projects.  This  species  has  not  been  intensively  studied 
in  North  Carolina,  however,  and  results  reported  here  may  be 
subject  to  considerable  error. 

Species  benefitting  from  the  projects  —  muskrat,  bobwhite, 
and  mourning  dove  —  are  all  common  and  widely  distributed. 


\ 
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6.1.5  Recreation 

6.L.5.1  Approach/Assumptions 

1.  The  literature  was  analyzed  for  data  on  the  present 
recreational  value  of  the  areas  included  in  the  scenarios 
prior  to  peat  mining  activities. 

2.  The  acreage  figures  of  peatland  by  land  use  category  at 
year  zero  (T=0)  for  Scenarios  #1  and  #2  are  based  on 
habitat  type/land  use  data  in  Appendix  10.1.  These  data 
were  used  to  calculate  the  actual  recreation  value  at  T=0. 
Cropland  was  not  given  a  hunting  value  since  access  to 

the  land  was  assumed  to  be  restricted.  (If  this  assumption 
is  not  met,  then  recreational  hunting  values  would  not 
change;  however,  game  species  would  change  significantly.) 

3.  The  recreational  value  of  pocosins  prior  to  development  was 
based  on  Postel  (1981). 


The  primary  use  of  pocosin  lands  for  recreation  is  for 

hunting  and  fishing  (Richardson,  1981).  Under  the  moderate 

assumptions  of  a  $5.00  per  trip  hunting  value,  a  9%  benefit 

appreciation  rate  and  a  7%  interest  rate,  hunting  benefits 

yield  a  present  worth  of  $36  per  acre  over  a  twenty-year 

period  (Postel,  1981).  This  does  not  take  into  account 

the  downstream  benefits  related  to  the  role  of  pocosins  in 

estuarine  water  quality  maintenance,  which  may  control  an 

annual  $500  million  fishing  industry.  Other  nonquanti f iable 

benefits  include  critical  habitat  maintenance,  ecosystem 

preservation  and  option  value  to  future  generations. 

The  loss  in  recreational  value  due  to  the  conversion  of 

pocosin  ecosystems  as  well  as  surrounding  swamp  forest. 

cropland  and  marsh  habitat  was  based  on  the  acreage  in  a 

somewhat  natural  state  at  T=0  multiplied  by  $36  per  acre. 

minus  the  acreage  of  landscape  converted  to  peat  mining 

at  time  T+1  times  $36  per  acre.  This  simplistic  approach 

does  not  take  into  account  the  opportunity  costs  of 

development  and  was  chosen  since  a  marginal  analysis  of 

these  opportunity  costs  was  not  possible.  The  acres  that 

are  calculated  to  be  reclaimed  at  each  calculation  period 

are  added  back  into  the  value  at  $36  per  acre.  The  data 

representing  an  estimate  of  changes  in  recreational  value 

due  to  peat  mining  are  shown  in  Table  6.1.6A. 
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6.1.5.2  Data 

Table  6.1.5A —  Estimated  changes  in  recreational  value  (primarily 
hunting)  based  on  a  value  of  $36/acre  over  20  yrs 


Scenario   Area   Year 


Total  Value 


Value  Lost 


1 
1 
1 


0 
10 
20 


452,  156 
177,994 
121,174 


274,162 
330,982 


1 
1 

1 


0 
10 
20 


222,486 
73,513 
40,872 


148, 973 
181,614 


Total  loss  for  Scenario  #1  (all  areas)  at  year  2( 


$  512,596 


2 
2 
2 


1 
1 
1 


0 
10 
20 


978,486 

393,177 

98,477 


585,309 
880,009 


2 
2 
2 


0 
10 
20 


500,237 

196,588 

49,238 


303,649 
450,999 


2 
2 
2 


0 
10 
20 


952,832 
353,926 

84,065 


598,906 
868,767 


2 
2 
2 


10 
20 


462,124 

168,431 

77,100 


293,693 
385,024 


Total  loss  for  Scenario  #2  (all  areas)  at  year  20   $2,584,799 

Notes : 
$  value  of  forest  and  native  land  assumed  to  be  $36/acre 
$  value/acre  of  pasture,  cropland,  mining  area  and  open  water 
all  assumed  to  be  0;  thus,  value  of  forest  and  native  land 
assumed  to  equal  total  value  of  all  acreage  in  permitted  area 


6.1.5.3  Conclusions 

An  estimate  of  the  loss  in  value  over  20  years  in  terms  of 
hunting  recreational  value  in  Scenario  #1  is  roughly  $512,600 
(Table  6.1.5A).  This  assumes  that  cropland  is  not  available  to 
hunters  in  the  future  and  that  a  portion  of  the  peat  mine  is  not 
yet  reclaimed.  In  Scenario  #2  the  total  loss  of  recreational 
value  in  Areas  1,  2,  3  and  4  of  Scenario  #2  due  to  peat  mining 
is  approximately  $2.6  million  when  projected  over  the  next  20 
years  (Table  6.1.5A).  In  both  cases,  the  estimated  losses  in 
recreational  value  are  based  on  an  assumed  value  of  $5.00  per 
hunting  trip. 
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6. 2  Water 

6.2,1  Surface  Water 

6.2.1.1  Amount  of  Surface  Water  Runoff 

6.2.1.1.1  Approach/Assumptions 

6.2.1.1.1.1  Scenario  #1 

For  the  analysis  of  Scenario  #1,  Area  1  was  considered  to 
consist  of  45  333-acre  blocks  permitted  for  methanol  production 
and  800  acres  permitted  for  horticultural  peat  production.  The 
pre-mining  conditions  were  based  on  habitat  type/land  use  data 
in  Appendix  10.1.  The  habitat  type  data  and  PMA ' s  'Peat 
Harvesting  Sequence'  (PMA,  1983d,  Fig.  2-10)  were  used  to 
determine  the  number  of  acres  existing  in  each  land  use 
condition  in  Table  6.2.1.1A  at  any  one  time.  Pre-mining 
disturbed  land  was  equivalent  to  habitat  type  categories 
(Appendix  10.1)  'agricultural  land'  and  'disturbed  land 
transitional/field  ditched'.  This  category  thus  includes  all 
land  ditched  and  recently  cleared  for  agriculture  including 
burned  and  rejuvenated  areas  and  pasture  land.  These  areas  were 
all  modeled  as  pasture  sites  with  field  ditches  spaced  330  feet 
apart.  Pre-mining  shrub  encompassed  high  and  low  pocosin  areas. 
These  areas  were  modeled  assuming  a  standard  ditched  area  as  for 
pasture  with  increased  rooting  depths  and  surface  storage.  For 
the  first  ten  years  an  extra  80  acres  per  year  (1/4  block)  were 
considered  cleared  for  mining  in  areas  producing  horticultural 
peat  (Area  1) . 

A  block  was  considered  to  be  in  pre-mined  condition  until 
the  second  year  of  bog  preparation.  (Bog  preparation  involves 
digging  an  extra  drainage  ditch  between  the  existing  ditches, 
breaking  down  and  grinding  up  the  vegetation  and  land  forming 
the  block  to  encourage  rapid  surface  drainage.)  From  the 
beginning  of  the  second  year  of  bog  preparation  the  block  was 
considered  to  be  in  the  mined  condition.  Increased  runoff  may  be 
expected  with  the  removal  of  vegetation  but  not  to  the  extent 
modeled  for  the  actively  rained  phase.  The  one  year  delay  in 
considering  a  block  in  the  mined  condition  was  an  attempt  to 
account  for  this  progressive  change  in  expected  runoff. 

Reclaimed  land  not  used  for  the  lake  in  Area  1  was  assumed 
to  be  in  80%  agriculture  (row  crop  rotation  with  poor  subsurface 
drainage),  10%  forestry  and  10%  native  vegetation  (see  section 
5.2.2.10).  Reclaimed  native  vegetation  was  considered  the  same 
as  forestry  in  the  analysis.  If  reclamation  was  scheduled  to 
begin  before  the  end  of  the  first  quarter  of  a  particular  year, 
a  block  was  considered  reclaimed  for  that  entire  year.  If 
reclamation  was  not  scheduled  to  begin  until  after  the  first 
quarter,  the  block  was  considered  in  the  mined  condition  until 
the  following  year.  All  land  being  mined  for  horticultural  peat 
was  assumed  reclaimed  to  agriculture  and  forestry  in  year  11. 
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Average  total  annual  flows  from  20  years  of  simulation  were 
generated  for  each  of  the  land  surface  conditions  (Table 
6.2.1.1A)  using  the  models  described  in  Gregory  et  al.  (1984). 
The  slight  differences  from  values  reported  in  section  5.2.2,4 
are  due  to  improved  records  of  rainfall  data  for  the 
simulations.  Flows  from  pre-mining  shrub  areas  are  higher  than 
flows  from  post-mining  agriculture  because  of  the  difference  in 
soil  type.  Although  the  shrub  has  a  deeper  root  depth  than  the 
row  crops,  in  the  post-mining  mineral  soil  more  water  is 
available  to  the  plant  for  evapotranspi ration ,  resulting  in 
deeper  water  tables  and,  therefore,  less  runoff.  Flows  were 
weighted  by  their  various  areas  throughout  the  study  period  to 
determine  an  expected  average  annual  flow  per  unit  area  for  all 
20  years  (Table  6.2.1.1A).  The  assumed  acreage  by  land  use 
category  for  each  scenario  and  area  for  the  20  year  study  period 
may  be  found  in  Appendix  10.5.  In  year  10  the  land  used  for  the 
large  temporary  lake  was  assumed  to  revert  back  to  pasture 
before  being  mined  at  a  later  date.  The  20  year  maximum  and 
minimum  flows  were  also  considered  throughout  the  study  period. 
The  resulting  expected  average,  maximum  and  minimum  annual  flows 
per  unit  area  for  Scenario  #1,  Area  1,  for  the  20  year  study 
period  are  plotted  in  Figure  6.2.1.1A.  The  plant  discharge  of 
870,000  gallons  per  day  (0.7  inches  per  year  over  the  entire 
Area  1)  was  added  to  the  flow  for  all  years  after  year  0.  (The 
horizontal  lines  in  Figures  6.2.1.1A-F  represent  the  no  project 
condition  (i.e.,  the  average  annual  flow  at  year  0).) 

For  Area  2  of  Scenario  #1,  precise  mining  strategy  was  not 
available.  It  was  assumed  for  this  analysis  that  300  acres  were 
prepared  for  mining  each  year  up  to  a  maximum  of  1,500  acres.  An 
extra  300  acres  were  included  in  the  active  mining  condition  for 
each  year  to  simulate  areas  in  bog  preparation  and  areas  mined 
but  not  yet  reclaimed.  The  land  use  areas  were  taken  from  data 
on  acreage  by  habitat  type  in  Appendix  10.1  and  each  of  the 
non-forested  areas  was  assumed  to  be  depleted  at  a  rate 
proportional  to  the  original  habitat  type  acreage.  The  assumed 
acreages  of  each  land  use  thoughout  the  20  year  study  period  are 
given   in   Appendix   10.5.   As   with   Area  1,  forested  areas  were 
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assumed  to  be  replenished  at  a  rate  equal  to  20  percent  of  the 
reclaimed  area.  Differences  in  hydrology  between  forestry  on  the 
reclaimed  areas  and  on  the  original  peat  soil  were  found  to  be 
small  (less  than  2%)  and  consequently  the  same  annual  flow 
totals  were  used  for  both.  The  predicted  average,  maximum  and 
minimum  total  flows  for  Scenario  #1,  Area  2,  for  the  20  year 
study  period  are  shown  in  Figure  6. 2.1. IB. 


6.2.1.1.1.2  Scenario  #2 


For   Scenario  #2, 

all  areas,  the  initial  land  use  types  were 

taken   from   the   habitat   type   data   in  Appendix  10.1.  Each  was 

depleted   at   a   rate 

proportional   to   the  initial  habitat  type 

acreage.   Different  mining  rates  were  used  from  those  reported  in 

section   5.2.3.2.4.  In 

order  for  the  required  acreage  to  be  mined 

by   year   10   and   20 

as  given  in  section  5.2.3.2.1  and  assuming 

that   it   takes  5  years  to  mine  out  a  block,  the  acreage  mined  at 

year   ten   must   be   in   the   active   mining   state   by   year   5. 

Similarly,   in   order 

to   finish   mining  an  area  by  year  20,  all 

acreage   must   be  reel 

aimed  or  in  active  mining  state  by  year  15. 

Thus   the  following  average  annual  rates  of  land  disturbance  were 

used  in  this  analysis: 

1-5 

6-10      11-15      16  -  20 

Area  1          1500 

1800        2700           0 

Area  2           750 

900        1350           0 

Area  3          1100 

1600        2500           0 

Area  4           680 

770        1150           0 

Using   the   above 

rates   and   the   given   existing  land  use 

types,   the   acreages 

for  each  year  of  operation  were  calculated 

and   are  given  in  Appendix  10.5.  Residential  areas  in  Area  4  were 

modeled   as   an   active   peat   mine   to  simulate  the  high  surface 

runoff   expected   for 

a  residential  area.  Accurate  urban  modeling 

is   not   possible   at 

this   stage  because  of  lack  of  information 

about   the   nature  of 

the  residential  areas  and  because  the  model 

used   in  this  analysis 

is  not  designed  to  handle  urban  areas.  The 

resulting   predicted 

average,   maximum   and  minimum  annual  flows 

pec   unit   area   for  S 

cenario  #2,  Areas  1,  2,  3  and  4,  for  the  20 

year  study  period  are 

shown  in  Figures  6.2.1.1C-F,  respectively. 
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6. 2. 1. 1.2  Data 

Table  6.2.1.1A:  Annual  flow  totals  per  unit  area  generated  from 

20  years  of  simulation.   (Average  annual 
rainfall  for  the  20  years  is  48.4  inches.) 


Land  Use 

Lake 

Pre-mining 
Disturbed 

Pre-mining  Shrub 

Active  Mine 

Agriculture 

Forestry 


Average 

Annual  Flow 

in/year 

9.8 


18.7 
14.  5 
24.1 
14.3 
12.6 


20  Year 
Maximum 
in/year 

17.6 


29,  5 
27.4 
32.2 
25.8 
24.3 


20  Year 
Minimum 
in/year 

-4.6 


9.1 
4.3 
12.8 
3.4 
1.5 
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6.2.1.1.3  Conclusions 

6.2.1.1.3.1  Scenario  #1 

For  Scenario  #1,  Area  1,  the  average  annual  total  flow  will 
not  vary  by  more  than  about  5%  from  the  pre-mined  condition  over 
the  first  20  years  of  operation  (see  Figure  6.2.1.1A).  The 
reasons  for  this  small  change  include:  1)  less  than  25%  of  the 
area  will  be  in  the  mined  condition  at  one  time,  2)  reduced 
flows  from  the  reclaimed  area  will  off-set  the  increased  flows 
from  the  actively  mined  areas  and  3)  the  effect  of  extra 
evaporation  from  the  lakes. 

The  slight  steady  decline  in  expected  total  annual  water 
loss  from  Area  1  will  continue  to  the  end  of  mining 
(approximately  year  35).  At  this  point,  the  average  annual  flow 
should  stabilize  at  approximately  14  inches  per  year  (21%  less 
than  the  pre-mining  condition)  . 

The  abrupt  increase  in  expected  flow  in  years  9  and  10 
corresponds  to  the  abandonment  of  the  large  (8  blocks,  2560 
acres)  temporary  lake  and  the  sole  use  of  the  smaller  (1450 
acres)  permanent  lake.  This  transition  need  not  be  as  abrupt  as 
depicted;  maintaining  the  larger  lake  into  year  13  would  clearly 
help  reduce  total  annual  flows. 

In  Area  2  of  Scenario  #1,  the  initial  increase  in  total 
annual  flows  will  be  greater  than  for  Area  1  because  no  lake  is 
proposed  (see  Figure  6. 2.1. IB).  Once  the  maximum  disturbed  area 
has  been  reached,  total  flows  will  level  off  as  the  area  of 
reclaimed  land  slowly  increases.  Again,  the  average  flow  will 
drop  below  pre-mining  levels  once  all  the  mined  areas  have  been 
reclaimed . 

In  both  areas,  the  major  factor  controlling  the  occurrence 
of  floods  will  be  the  capacity  of  the  pumps  removing  water  from 
the  canal  system  to  the  lakes  (in  Area  1)  and  the  Intracoastal 
Waterway  (in  Area  2).  ESE  (1983)  predicted  (using  the  SWMM  III 
model)  only  two  breaches  of  the  1450-acre  lake  in  Area  1  over  20 
years  of  historical  climate  data  from  1960  to  1979.  However,  if 
water  cannot  be  pumped  into  the  deep  storage  available  in  the 
lake  at  a  high  enough  rate  during  high  rainfall  events,  the 
canals  themselves  may  be  breached,  causing  flooding.  Because  of 
the  low  lying  aspect  of  the  mined  land  in  relation  to  the 
surrounding  unmined  areas,  flooding  should  remain  localized  for 
most  events.  The  lowered  elevations  due  to  mining  will  increase 
the  capacity  to  store  water  on  the  surface,  therefore,  the 
occurrence  of  downstream  flooding  should  be  reduced  from  the 
before  mining  condition  for  all  scenarios  and  areas  with  the 
following  exception.  In  Area  1,  the  volume  of  flow  in  Canal  B 
will  slowly  increase  throughout  the  life  of  the  peat  mine  until 
all  the  flow  from  the  15,000-acre  area  will  be  routed  through 
the   lake   and   discharged   into   Canal   B.  In  year  35,  this  will 
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amount  to  about  14  inches  per  year,  or  an  average  annual  flow 
rate  of  25  cubic  feet  per  second  (as  compared  to  an  average 
annual  flow  rate  of  about  31  cubic  feet  per  second  from  the 
total  area  at  present).  Despite  the  overall  drop  in  total  flow, 
the  flows  in  Canal  B  during  and  after  rainfall  events  will  be 
increased.  The  increased  flow  in  Canal  B  will  increase  the  risk 
of  downstream  flooding  as  the  storage  capacity  of  the  canal  is 
reduced.  Canal  B  will  have  to  be  considerably  deepened  and 
maintained  free  from  weeds  and  sediment  to  ensure  rapid  removal 
of  water  and  lessen  the  risk  of  flooding. 

There  are  two  possible  organizational  mechanisms  for 
performing  the  necessary  deepening  and  maintenance  of  Canal  B. 
Responsibility  for  maintenance  of  the  canal  could  be  placed  with 
a  local  drainage  district.  Drainage  districts  in  North  Carolina 
are  usually  directed  by  part  time  volunteers  and  have  to  depend 
on  sources  of  funds  that  are  not  always  reliable.  There  is  no 
existing  drainage  district  covering  Canal  B,  so  one  would  have 
to  be  created. 

The  second  option  would  be  to  place  continuing 
responsibility  for  canal  maintenance  with  a  state  agency.  The 
work  could  be  funded  either  out  of  general  state  revenues  or  out 
of  the  proposed  severance  tax  revenues  discussed  in  section 
4.3.3.3.  The  responsibile  agency  would  have  to  obtain  permission 
from  private  landowners  whose  property  is  crossed  by  the  canal 
to  enter  their  land  to  perform  the  maintenance. 

There  does  not  appear  to  be  sufficient  authority  in  the 
Mining  Act  to  require  canal  deepening  and  maintenance  as  part  of 
the  reclamation  plan. 

6.2.1.1.3.2  Scenario  #2 

For  all  areas  in  Scenario  #2  the  annual  flow  will  be  less  than 
30%  above  the  pre-mining  flow  for  all  20  years  of  operation. 
With  the  exception  of  Area  1,  the  flows  will  increase  with 
increased  acreage  in  active  mining,  then  hold  relatively 
constant  until  the  size  of  the  mining  area  starts  to  decline  and 
with  it  the  flows.  In  all  areas  the  flow  in  year  20  will  be  less 
than  or  equal  to  the  flow  in  year  0  as  a  result  of  higher 
evapotranspiration  and  lower  flows  land  reclaimed  to  agriculture 
and  forestry.  Area  1  demonstrates  the  advantages  of  using  a  lake 
for  water  management:  the  annual  flows  will  remain  closer  to 
the  pre-mining  situation.  The  jump  in  flows  in  year  8  in  Area  1 
is  due  to  abandoning  a  large  evaporation  area  for  a  smaller 
permanent  lake.  Maintaining  the  larger  temporary  evaporation 
area  until  year  15  will  keep  annual  flows  close  to  the 
pre-mining  levels.  The  second  main  advantage  of  a  lake  system  is 
the  controlled  release  of  flow.  Storm  peaks  will  be 
substantially  reduced,  provided  lake  or  canal  over-topping  does 
not   occur.   In   Area   4   the   residential  areas,  with  their  high 
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surface  runoff,  will  counterbalance  the  flow-reducing  effect  of 
the  lake  and  the  annual  flows  will  behave  similarly  to  those  in 
Areas  2  and  3. 

Figure  6.2.1,1G  illustrates  the  differences  in  peak  flows  that 
might  be  expected  from  a  320-acre  block  under  three  different 
land  use  conditions.  This  flow  duration  curve  is  truncated  at 
10%  to  focus  on  the  high  flows.  For  flows  equalled  or  exceeded 
more  than  10%  of  the  time  all  three  curves  are  similar.  The 
post-mining  agriculture  and  pre-mining  pasture  are  also  similar 
for  flows  greater  than  5  cubic  feet  per  second.  The  actively 
rained  site,  however,  exhibits  a  definite  increase  in  frequency 
of  high  flows.  For  example,  a  flow  of  10  cubic  feet  per  second 
will  be  equalled  or  exceeded  about  1.2%  of  the  time  for  pasture 
or  agriculture,  but  will  be  equalled  or  exceeded  about  2.25%  of 
the  time  for  actively  mined  sites. 


6.2.1.1.3.3  Scenario  #3 


For   Scenario 

#3  the  fl 
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6.2.1.2  Nutrient  Yields  and  Surface  Water  Eutrophication 

6.2.1.2.1  Approach/Assumptions 

A  preliminary  assessment  was  made  of  the  environmental 
consequences  of  peat  harvesting  and  subsequent  conversion  of 
some  of  the  peat  to  methanol,  specifically  the  effects  upon 
nutrients  in  runoff  and  adverse  changes  in  water  quality.  The 
approach  to  the  problem  and  the  assumptions  made  were: 

1.  Literature  data  on  nutrient  concentrations  and  yields 
from  various  land  uses  in  this  area  (natural  vegetation, 
cropland,  pasture  land,  and  peatland  cleared  for  mining) 
were  assembled. 

2.  Land  use  data  used  are  located  in  Appendix  10.6 
(Table  10. 6A)  . 

3.  It  was  assumed  that:  1)  planted  forests,  buffers  and 
natural  revegetation  have  the  same  yields  of  nutrients 
as  natural  vegetation,  2)  the  whole  area  was  ditched 
but  in  natural  vegetation  at  year  0  and  3)  open  water 
is  a  source  for  nutrients  in  proportion  to  its  area 
and  the  nutrient  content  of  rainwater  and  a  sink  for 
about  half  of  its  loading  of  total  nitrogen  (TN) 

and  total  phosphorus  (TP) .  Removal  of  nutrients  from 
water  passing  through  wetlands  or  buffer  zones  was 
not  assessed  for  lack  of  data  on  hydrology. 

4.  The  yields  (lb/acre. yr)  were  multiplied  by  the  areas 
(acres)  of  each  land  useage  (see  Appendix  10.6)  and 
summed  to  calculate  the  total  nutrient  yield  for  each 
scenario  and  each  area  at  years  0,  10  and  20,  except 
Scenario  #3  (years  0  and  10  only) . 

5.  The  total  nutrient  yields  which  drain  into  lagoons  at 
years  0  and  20  were  summed  and  divided  by  the  area  of 
each  lagoon  or  lake  to  obtain  the  areal  loading  rate 
(lb/acre .yr ) .  These  loading  rates  were  compared  to 
rates  reported  to  have  resulted  in  eutrophic  conditions. 

6.  The  total  nutrient  loadings  of  estuaries  contributed  by 
runoff  from  areas  subjected  to  peat  mining  and  subsequent 
agricultural  development  were  examined.   It  was  assumed 
that  runoff  and  other  waters  having  passed  through  lakes 
or  lagoons  had  half  of  the  total  nitrogen  (TN)  and  total 
phosphorus  (TP)  removed.   Where  runoff  was  to  the  IWW,  it 
was  assumed  that  half  of  the  load  went  to  the  Pungo  River 
and  half  to  the  Alligator  River.   Area  1  loading  rates 
attributable  to  the  peat  mining  and  associated  operations 
(including  agricultural  development)  were  obtained  by 

dividing  by  the  area  of  each  estuary.   (Area  was  determined 
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by  planimetry.)   These  loadings  were  then  compared  to  the 
anticipated  loading  from  the  rest  of  the  watershed  and  to 
those  which  have  created  eutrophic  conditions  in  similar 
estuaries. 


6.2. 1. 2.2  Data 


Table  6.2.1.2A:  Concentrations  (mg/1)  of  nutrients  in  runoff 

water  from  various  land  uses 


Land  Use  Nutrient 

NH      NO^      Kjeld-N  Total  Ortho-P  Total 

N  P 

Natural  vegetation, 
planted  forests, re- 
generated vegeta- 
tion (a,b)  0.15    0.06      1.19    1.25*    0.02    0.06* 


Cleared  peatland 
before,  during. 


after  mining  (b) 

0.35 

0.13 

1.85 

1.98* 

Drained  cropland 

0.91 

1.00 

2.92 

3.73* 

(a) 

Drained  pasture- 

land  (c) 

0.37 

0.21 

1,67 

1.88* 

0.05    0.17* 
0.14* 

2.48* 


Note : 

Abbreviations  may  be  found  in  Appendix  10.10 

*  Hypereutrophic  (Wetzel,  1975) 
Sources : 

(a)  Skaggs  et  al.,  1980,  mineral  soil 

(b)  Gregory  et  al.,  1984 

(c)  Kuenzler  et  al . ,  1977 
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Cleared  for 

mining 

1.9 

0.7 

10.0 

10.8 

Drained  cropland 

3.3 

3.6 

10.0 

13.5 

Drained  pasture 

1.2 

0.6 

5.4 

6.1 

Open  water 

2.3 

2.6 

5.3 

8.0 

Residential 

_ 

^ 

_ 

5.3 

Table  6. 2.1. 2. B:  Areal  yields  (lb/acre. yr)  of  nutrients  from 

watersheds  with  various  land  uses 

Land  Use  Nutrient 

NH.     NO^    Kjeld-N   Total   Ortho-P  Total 

N  P 

Natural  vegetation 

(as  defined  in      0.7     0.2       5.2     5.4      0.06    0.26 
Table  6.2.1,2A) 


0.27  0.93 
0.50 
8.5 

0.46  0.59 
1.1 


Notes: 

Assumed  runoff  values: 

1.  Natural  vegetation:  14.6  in/yr 

(Mean  of  shrub  (16.7  in/yr)  and  forest  vegetation 
(12.6  in/yr)  runoff  values  from  Table  A, 
section  5.2.1.1,  Task  2,  first  draft  (10/14/84)) 

2.  Cleared  for  mining:  24.1  in/yr 

(Based  on  active  mine  runoff  value.  Table  A, 
section  5.2.1.1,  Task  2  first  draft) 

3.  Drained  cropland:  14.8  in/yr 

(Based  on  page  17,  Task  1  final  draft  (9/83):  6.8  inches 
subsurface  drainage  +8.0  inches  surface  runoff) 

4.  Drained  pasture:  19.2  in/yr 

(Based  on  page  17,  Task  1  final  draft:  11.2  inches 
subsurface  drainage  +8.0  inches  surface  runoff) 

5.  Open  water:  rainwater  concentrations  (from  Kuenzler 
et  al.,  1977)  x  annual  precipitation  (48.4  in/yr, 
from  page  34,  Task  2  final  draft) 

6.  Residential:  based  on  Reckhow  et  al.,  1980 
Concentrations  from  Table  6.2.1.2A 
Abbreviations  may  be  found  in  Appendix  10.10 
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Table  6.2.1.2C:  Total  annual  yields  of  nutrients  from  peatlands 

under  the  alternative  scenarios 


Scenario  #   Area  #   Year 


Annual  Yield  (Tons/Yr) 


NH^-N 

NO^-N 

Total 

N  Total 

0 

4.6 

1.4 

36 

1.7 

10 

7.9 

>  3.8 

>46 

>2.9 

20 

13.1 

>10.5 

>62 

>3.3 

0 

2.1 

0.6 

16 

0.7 

10 

4.1 

2.6 

23 

1.7 

20 

6.7 

6.0 

31 

1.8 

0 

8.6 

2.5 

67 

3.2 

10 

13.8 

>  7.9 

>  79 

>  5.2 

20 

32.8 

>29.0 

>135 

>10.8 

0 

4.3 

1.3 

34 

1.6 

10 

7.2 

4.6 

43 

2.3 

20 

16.3 

15.6 

72 

4.1 

0 

7.4 

2.2 

58 

2.7 

10 

12.0 

>  6.7 

>  72 

>  4.6 

20 

29.2 

>25.9 

>123 

>  9.3 

0 

3.7 

1.1 

29 

1.4 

10 

5.4 

3.3 

33 

2.1 

20 

5.8 

4.3 

34 

3.8 

Notes: 

Abbreviations  may  be  found  in  Appendix  10.10 

Scenario  #3  same  as  Scenario  #1  for  Areas  1  and  2,  years  0 

and  10. 
Total  annual  yields  for  scenarios  cannot  be  directly  compared 

because  total  acreages  for  areas  and  scenarios  are  different 


Table  6. 2.1. 2D:  Nutrient  loadings  to  lakes  and  lagoons 

Scenario     Area   Year     Water       Water  Nutrient  Load 

#         #  Body       Area  (lb/acre. yr) 

(acres)    TN       TP 

1,3         1      10     Temp  Lake    1,455  36*      1.7* 

1  1      20     Perm  Lake    1,455  80*      4.4* 

2  1      10      Lagoons     2,907  22*      2.2* 

20      Lagoons     2,907  103*      8.6* 

2  4      10      Lagoons     1,954  12.6     1.2 

20      Lagoons     2,895  21*      2.8* 


Procedure : 

Divide  annual  TN  or  TP  loading  to  lagoons  (=  total  yield  - 
yield  from  forest)  by  lagoon  or  lake  area. 
Notes : 

Abbreviations  may  be  found  in  Appendix  10.10 

*  Exceed  Vollenweider ' s  (1968)  criteria  of  "dangerous"  loading; 
18  lb  TN/acre.yr  or  1.2  lb  TP/acre.yr 
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Table  6.2.1.2E: 


Nutrient  loadings  to  estuaries.   Approximate 
background  loading  if  entire  watershed  were 
in  natural  vegetation  and  predicted  loadings 
at  years  0,  10  and  20,  with  assumption  of 
50%  TN  and  TP  removal  by  lagoons  and  canals. 


Scenario  Area  Year  Water 
#        #        Body 


Water 
Area 
(acres] 


1+2     0  Pungo  R.       12,000 

10  Pungo  R. 

20  Pungo  R. 

2       0  Alligator  R.   11,900 

10  Alligator  R. 

20  Alligator  R. 


Nutrient  Loading 
( lb/acre .yr ) 
Background    Loading  From 
From  Natural  Project  Area 
Watershed       Alone 
TN    TP        TN     TP 


19 


19 


94 


81   4.1 


.94 


2    1+2      0  Pungo  R.       12,000 

10  Pungo  R. 

20  Pungo  R. 

2    2+3+4    0  Alligator  R.   11,900      81   4.1 

10  Alligator  R. 

20  Alligator  R. 

Note: 

Abbreviations  may  be  found  in  Appendix  10.10 


4.0 

.20 

4.2 

.26 

4.8 

.26 

.74 

.04 

1.07 

.08 

1.47 

.08 

7.7 

.37 

8.1 

.34 

10.0 

.70 

9.7 

.46 

11.2 

.66 

16.8 

1.79 
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6.2.1.2.3  Conclusions 

Nutrient  concentrations  vary  considerably  in  runoff  from 
land  in  different  uses  (Table  6o2.1.2A).  Compared  to  natural 
vegetation,  planted  forests  and  revegetated  areas,  disturbance 
by  clearing  for  mining  or  for  agriculture  considerably  increases 
nutrient  concentrations  in  runoff.  For  example,  disturbance 
considerably  increases  nutrient  concentrations  as  follows: 

1.  NH.   increased  1.7-6.1-fold  by  disturbance. 

2.  NOt  increased  2.2-fold  by  mining,  2.5-fold  by  pastures, 
and  17-fold  by  crops. 

3.  Total  N  (TN)  increased  1.6-fold  by  mining,  1.5-fold  by 
pastures,  and  3.0-fold  by  crops. 

4.  Total  P  (TP)  increased  3.0-fold  by  mining,  44-fold  by 
pastures,  and  2.3-fold  by  crops. 

Furthermore,  nutrient  concentrations  in  all  of  these  waters 
are  relatively  high.  The  TP  and  TN  levels  in  waters  draining 
from  naturally  vegetated  areas  (Table  6.2.1.2A)  would,  if 
present  in  a  lake,  cause  them  to  be  classified  as  hypereutrophic 
(Wetzel,  1975)  (see  Appendix  10.6);  TP  levels  in  waters  from 
disturbed  tracts  are  high  enough  to  classify  them  as  eutrophic 
to  hypereutrophic  even  by  the  less  rigorous  water  quality 
criteria  for  North  Carolina  waters  suggested  by  Weiss  and 
Kuenzler  (1976)  . 

The  areal  nutrient  yields  ( lb/acre  .year )  from  land  in 
different  uses  is  a  function  of  both  the  nutrient  content  of  the 
runoff  and  the  amount  of  runoff  (Table  6.2.1.2B).  Lowest  yields 
generally  came  from  areas  in  natural  vegetation  and  highest 
yields  from  areas  used  for  mining  or  agriculture.  The  increased 
yields  of  N  from  North  Carolina  peatlands  under  various  changes 
in  land  use  are  similar  to  the  increases  seen  in  other 
watersheds  used  for  these  purposes  (see  figures  from  Reckhow,  et 
al.,  1980  in  Appendix  10.6).  There  is  large  variability  in 
export  coefficients  for  the  same  land  use  (Appendix  10.6) 
because  measurements  include  tracts  with  different  soils, 
different  slopes,  different  nutrient  inputs  (fertilizer,  manure, 
septic  tank  drainage)  and  different  amounts  of  runoff.  Data 
gathered  by  Skaggs  et  al.  (1980)  and  Gregory  et  al.  (1984) 
showed  areal  yield  of  P  from  non-organic  cropland  (0.55 
kg/ha. yr)  below  the  lower  quartile  of  data  gathered  by  Reckhow 
et  al .  (1980)  (Appendix  10.6)  whereas  yield  from  organic  soil 
(7.6  kg/ha. yr)  was  above  Reckhow' s  upper  quartile.  The  lower 
yield  estimate  (0.55  kg/ha. yr)  was  used  in  calculations  for  this 
report   under   the   assumption  that  crops  will  be  grown  only  on  a 
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highly  mineral  soil  remaining  after  mining  has  removed  the  peat. 
The  much  higher  yield  of  P  from  pasture  on  North  Carolina  peat 
soils  than  were  reported  by  Reckhow  et  al.  (1980)  are  consistent 
with  the  usually  poor  retention  of  P  by  peat.  Nitrogen  yields 
from  North  Carolina  cropland  and  pastures  were  closer  to 
Reckhow's  medians  (Appendix  10.6),  although  N  yields  from  the 
state's  forest  lands  were  near  the  top  of  his  range. 


Total   annual   yields  (Table  6.2.1.2C)  will  increase  in  each 

scenario   and   area   from  year  0  to  year  20.  Comparison  of  yields 

between   scenarios,   however,   must   take  into  account  the  larger 

total   area   considered   in   Scenario  #2  than  in  Scenarios  #1  and 

#3.   Total   annual   yields   of   NO-.   increase   by  the  largest 
percentage   (always   >4-fold) .   Increases   in   TN   from  disturbed 

lands   result   mostly   from   increases   in   ammonium   and  nitrate 

rather   than   from   organic  N;  this  is  important  because  ammonium 

and   nitrate  are  readily  available  for  algal  growth.  The  yield  of 

TP   also   increases  substantially,  from  2-  to  3.4-fold,  depending 

on   the  area.  This  analysis  does  not  include  loading  of  P  leached 

from   solid   wastes   of   the   methanol   plant (s).   Conversion   of 

525,000   tons   of   peat   per   year  at  0.04%  P  would  result  in  210 

tons   of   P   in  ash,  slag  and  other  forms,  at  least  20  times  m.ore 

than   the   annual   yields   of  any  one  area  in  any  scenario  (Table 

6.2.1,2C).   Therefore,   if   substantial  amounts  of  phosphorus  are 

leached   within   the   watershed   from  disposal  in  landfills  or  on 

agricultral   lands   as   a   soil   conditioner   and   thereby   enter 

surface   waters,   P-loading  to  lagoons  will  greatly  increase  over 

the  loadings  calculated  here. 

Predicted   nutrient   loadings   to   lakes   and  lagoons  (Table 

6. 2.1. 2D)   exceed   Vollenweider ' s  criteria  of  18  lb  N/acre.yr  and 

1.2   lb   P/acre.yr   at   both   years   0   and   20   in  virtually  all 

scenarios.    The    criteria   of   Vollenweider   are   not   strictly 

applicable   to   North   Carolina's   surface  waters,  especially  the 

relatively   dystrophic  waters  of  the  Outer  Coastal  Plain,  but  the 

fact    that    calculated   loadings   are   several   to   many   times 

Vollenweider ' s    criteria    suggests   that   severe   problems   are 

likely.    Eutrophic   waters   with   dense   algal   growths   may   be 

expected,   but  precise  estimation  cannot  be  made  without  detailed 

information    on    algal   densities   which   result   from   various 

nutrient   loadings   in   similar   lagoons   in  this  region  of  North 

Carolina . 

The  Pungo  and  Alligator  Rivers  have  nearly  the  same  surface 
areas  (Table  6.2.1.2E),  but  the  background  nutrient  loading 
rates  to  the  Alligator  River  are  about  four  times  higher  because 
its  watershed  is  that  much  larger.  Under  natural  conditions 
these  loads  are  probably  well  distributed  spatially  and  the  poor 
light  transmission  by  the  dark  and  turbid  waters  prevents  high 
algal  productivities.  The  Alligator  River  did  not  show  abundant 
phytoplankton  ten  years  ago  (Bowden  and  Hobbie,  1977).  Recent 
measurements   of   nutrient   concentrations  (PMA,  1982c)  show  that 
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the  Pungo  River  is  now  rich  in  nutrients.  Estuaries  act  as 
nutrient  traps,  especially  for  P,  often  being  substantially 
richer  in  total  P  than  any  of  their  source  waters.  This  is 
clearly  seen  in  the  high  P  concentrations  and  algal  abundances 
during   summer   in   the   middle   reaches   of   the   Pamlico   River 

(Kuenzler  et  al.,  1979),  the  source  of  salt  water  for  the  Pungo 
River.  Background  P  loadings  of  0.94  and  4.1  lb/acre. yr  for  the 
Pungo  and  Alligator  Rivers,  respectively,  are  at  or  above  the 
Vollenweider  criterion,  but  they  are  at  least  an  order  of 
magnitude  less  than  present  loadings  of  the  Pamlico  and  Chowan 
Rivers  because  these  latter  rivers  have  considerably  larger 
watersheds.   Both   Weiss   and   Kuenzler   (1976)   and  Craig  et  al, 

(1977)  suggest  that  Coastal  Plain  systems  of  the  Southeast  may 
function  without  noxious  algal  blooms  even  with  P  loadings 
several  fold  higher  than  the  Vollenweider  criteria.  This 
suggestion  is  borne  out  by  conditions  in  the  Pamlico  River; 
productivity  of  the  phytoplankton  is  high  but  noxious  algal 
blooms  have  not  occurred  in  the  brackish  portions.  Dispersion  of 
P-rich  water  from  downstream  and  regeneration  of  P  from  the 
sediments  or  the  estuarine  fauna  constitute  additional  loadings 
not  included  in  this  analysis. 

The  emphasis  here  has  been  on  phosphorus,  in  large  part 
because  this  element  is  more  often  limiting  in  lakes.  The  data 
in  Table  6.2.1.2E  show  TN:TP  ratios  usually  about  20:1  by 
weight;  such  ratios  are  close  to  the  proper  ratio  for  algae. 
Furthermore,  any  N  loads  resulting  from  the  mining  and 
subsequent  land  development  will  be  in  addition  to  loads  which 
are  at  or  far  above  the  Vollenweider  criterion  of  18  lb 
N/acre .yr . 

Because  of  their  large  areas  relative  to  the  developed 
areas  in  the  scenarios,  activities  associated  with  and  following 
mining  will  not  deliver  to  the  Pungo  and  Alligator  Rivers 
nutrient  loads  which  are  large  compared  to  the  "background" 
loads  (Table  6.2.1.2E).  As  stated  above,  leaching  of  nutrients 
from  ash,  slag  or  other  solid  wastes  from  a  potential  methanol 
plant  has  not  been  evaluated  and  could  increase  loadings  several 
fold  over  the  values  shown  for  the  mining  projects  alone.  The 
areas  proposed  for  raining,  however,  are  only  a  portion  of  each 
estuary's  watershed,  40%  and  12%  for  the  Pungo  and  Alligator 
Rivers,  respectively.  Additional  extensive  land  development,  for 
agriculture  or  other  purposes,  will  impose  additional  nutrient 
loads  on  the  estuaries,  especially  if  lagoons  or  wetland  buffer 
strips  are  not  used  to  strip  nutrients  from  land  runoff. 

It  appears  that  the  Alligator  River  is  more  at  risk  because 
of  its  greater  natural  load  and  the  anticipated  greater  load  due 
to  development  for  any  particular  scenario.  If  half  of  the 
Alligator  River  watershed  undergoes  development  which  yields  P 
at  the  average  rate  of  the  mined  areas,  the  anticipated  load 
would   reach   about   7   lb  P/acre.yr.  The  work  of  Jaworski  (1981) 
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suggests  that  in  estuaries  with  N:P  ratios  of  7.2:1  (by  weight) 
excessive  eutrophication  may  result  if  P  loadings  exceed  9 
lb/acre. yr.  Thus  the  whole  Alligator  River  may  be  at  risk  with 
less  than  complete  development  of  the  watershed;  periodic 
nutrient  pulses  to  the  fresher,  poorly  mixed  headwater  areas 
could  result  in  eutrophic  conditions  with  still  less 
development.  The  fresher  waters  are  considered  to  be  at  more 
risk  because  certain  blue-green  algae  can  form  surface  blooms  in 
these  areas  in  summer. 

In  view  of  1)  present  water  quality  of  the  Pungo  and 
Alligator  Rivers;  2)  their  background  loadings  from  the 
watershed  and  by  dispersion  upstream;  3)  the  additional  loading 
from  existing  agriculture  and  other  land  development  not 
included  in  this  analysis;  and  4)  the  intensive  agricultural 
development  now  being  planned  on  the  eastern  shore  of  the 
Alligator  River,  additional  loadings  such  as  have  been 
calculated  from  these  scenarios  are  a  threat  to  future  water 
quality.  Since  mixing  is  not  uniform,  excessive  loadings  of  P 
(and  maybe  N)  to  the  upper  portions  of  these  estuaries  will 
almost  certainly  result  and  eutrophic  conditions  may  be 
expected.  However,  there  are  no  accepted  criteria  specifically 
for  estuarine  waters  of  North  Carolina  or  the  Southeast  and 
"dangerous"  loadings  may  not  be  the  same  as  suggested  by 
Jaworski  for  other  estuaries. 

Lee  and  Jones  (1979)  extended  the  Vollenweider  P-loading 
relationship  to  estuarine  waters  and  found  that  data  from  the 
Potomac  Estuary  fell  into  the  eutrophic  sector  of  the  diagram, 
as  expected.  The  principle  behind  this  relationship  is  the  same 
for  estuaries  as  for  freshwater  lakes  where  it  was  developed, 
but  larger  amounts  of  P  may  be  assimilated  in  estuaries  without 
resulting  management  problems.  Although  there  are  considerable 
uncertainties  in  the  data  and  the  assumptions  of  this  analysis, 
recent  appearance  of  severe  algal  blooms  in  the  slightly 
brackish  portions  of  the  Chowan  River  and  the  Neuse  River 
suggests  that  the  upper  reaches  of  other  North  Carolina 
estuaries  are  in  danger  if  nutrient  loadings  are  not  carefully 
controlled . 


6.2.1.2.3.1  Summary 

Examination  of  the  data  on  nutrient  yields  from  North 
Carolina  peatlands  under  various  kinds  of  land  use  suggest  that 
mining  of  the  peat,  production  of  methanol  and  placing  the  land 
in  agricultural  production  may  have  an  adverse  impact  on  water 
quality.  The  natural  vegetation  yields  less  N  and  P  per  unit 
area  than  other  land  uses,  usually  by  a  large  factor;  therefore, 
conversion  to  other  uses  results  in  loss  of  nutrients  to 
downstream  aquatic  systems.  The  lagoons  and  lakes  into  which 
runoff   and   plant   effluents   may  run  or  be  pumped  probably  will 
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become  unacceptably  eutrophic.  Unless  these  lagoons  and  buffer 
wetland  systems  efficiently  remove  nutrients  from  the  water  as 
it  passes  through,  there  will  also  be  substantial  nutrient 
loading  of  the  Pungo  River  and  the  Alligator  River  and 
consequent  eutrophication  . 

This  assessment  cannot  be  made  more  accurately  with  the 
present  data  base  and  time  resources,  but  the  indications  are 
that  serious  water  quality  degradation  may  result  from  the 
changes  in  land  use  and  from  associated  industrial  development 
in  this  region. 

6.2.1.2.3.2  Regulatory  Implications  and  Options  for  Controlling 
Nutrient  Loading 

To  the  extent  that  these  nutrients  are  entering  "waters  of 
the  United  States"  from  canals  and  ditches,  i.e.,  point  sources, 
they  can  be  controlled  through  the  NPDES  permit.  Any  nutrients 
entering  waters  from  general  runoff,  i.e.,  non-point  sources, 
are  not  subject  to  any  control  mechanism;  however,  the  state  208 
plan  urges  that  best  management  practices  be  used  to  control 
this  type  of  runoff. 

Another  possibility  is  for  the  Environmental  Management 
Commission  to  classify  the  affected  waters  as  nutrient  sensitive 
under  G.S.  143-214.1.  Once  waters  have  been  so  classified, 
however,  the  enforcement  mechanism  by  which  standards  are 
imposed  to  meet  the  classification  is  uncertain.  In  some  cases, 
the  state  is  able  to  use  a  special  order  under  G.S.  143-215.2, 
but  agricultural  and  forestry  activities  are  expressly  exempted 
from  the  reach  of  special  orders.  Another  enforcement  approach 
is  to  attempt  to  equate  the  nutrient  sensitive  classification 
with  water  quality  limited  waters  under  33  U.S.C.  section  1312, 
thereby  authorizing  the  imposition  of  more  stringent  effluent 
limitations  through  the  NPDES  process  than  would  be  imposed 
under  the  33  U.S.C.  section  1311  effluent  standards.  This  still 
does  not  deal  with  the  problem  of  non-point  sources,  however. 

A  third  possible  legal  source  for  controlling  nutrients  is 
the  mining  permit  itself.  Among  the  grounds  for  denying  a  permit 
under  G.S.  74-51  are  that  the  operation  will  have  unduly  adverse 
effects  on  freshwater,  estuarine  or  marine  fisheries,  or  that 
the  operation  will  violate  water  quality  standards  promulgated 
by  NRCD.  If  the  excessive  nutrient  levels  would  trigger  either 
of  these  provisions,  the  permit  conditions  should  reflect 
controls  to  reduce  the  nutrients  to  acceptable  levels.  The  use 
of  the  raining  permit  to  control  nutrients  has  the  advantage  of 
imposing  enforceable  controls  on  non-point  sources. 
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6.2.1.3  Trace  Element,  Pesticide  and  Coliform  Bacteria  Yields 

6.2.1.3.1  Approach/Assumptions  ■      ":       ;' 

The  approach  followed  that  employed  in  section  6.2.1.2  Ten 
elements  were  selected  for  study  based  on  occurrence  in  peat  and 
environmental  concern  (dictated  largely  by  relative  toxicity): 

Arsenic  (As)  Mercury  (Hg) 

Cadmium  (Cd)  Manganese  (Mn) 

Chromium  (Cr)  Nickel  (Ni) 

Copper  (Cu)  Selenium  (Se) 

Lead  (Pb)  Zinc  (Zn) 


A  review  of  the  available  literature  indicated  the 
following : 

1.  For  As,  Cd ,  Cr ,  Ni  and  Se  only  "less  than  detectable" 
data  are  available. 

2.  No  data  are  available  for  the  ten  elements  (excluding 
largely  "less  than  detectable"  data  for  Hg)  for  the 
land  use  category  "actively  mined". 

3.  Data  suitable  for  predicting  changes  due  to  land  use 
changes  (i.e.,  from  undeveloped  peatlands  to  croplands 
or  pasture  lands)  are  available  only  for  Cu,  Mn  and  Zn 
(Skaggs  et  al .  1980)  . 

Therefore,  yields  for  Cu,  Mn  and  Zn  were  calculated 
following  the  assumptions  and  procedures  used  in  section 
6.2.1.2.  Since  no  data  pertaining  to  yields  associated  with 
either  active  mining  or  residential  development  were  found,  it 
was  assumed  that  yields  from  these  two  sources  are  equivalent  to 
yields  from  shallow  organic  croplands  according  to  Skaggs  et  al . 
(1980).  In  addition,  yields  from  open  water  were  assumed 
equivalent  to  yields  from  naturally  vegetated  areas.  The  use  of 
the  relatively  low  yields  reflects  the  assumption  that  open 
water  areas  will  serve  as  a  partial  sink  for  metals  from 
surrounding  peat  mines  and  croplands.  The  following  yields  from 
Skaggs  et  al.  (1980)  were  used: 

Source  Yields  (lb/acre. yr)  ;; 

Cu        Mn        Zn 

Deep  organic,  naturally- 
vegetated  peat 
Deep  organic  pasture 
Shallow  organic  croplands 
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0.062 

0.018 

0.071 

0.027 

0.089 

0.071 

0.125 

0.107 

0.259 

Land   use   data   used   are   located   in  Appendix  10.6  (Table 
10. 6A)  . 

Yields  from  the  effluent  of  a  peat-to-methanol  conversion 
plant  were  calculated  based  on  data  from  PMA ' s  NPDES  application 
(PMA,  1983f )  .  The  assumption  was  made  that  the  flow  rate  and 
element  concentrations  given  in  this  document  (0.866  mgd)  are 
equivalent  to  those  associated  with  the  processing  of  500,000 
dry  tons  of  peat  per  year,  as  stated  in  Scenario  #1,  Area  1. 
Effluent  yields  for  other  areas  and/or  scenarios  were  prorated 
according  to  estimates  of  peat  processed  for  methanol  given  in 
the  scenarios  (see  sections  5.2.2.3.3,  5.2.3.3.3  and  5.2.4.3.3). 


6.2. 1. 3. 2  Data 

Table  6.2.1.3A:   Total  annual  yields  of  three  trace  elements 

in  drainage  waters  from  peatlands  under 
alternative  scenarios 

Scenario  Area   Year  Annual  Yield  (Ib/yr) 

#       #  Cu  Mn  Zn 

110  981  285  1123 

10  1212  611  1811 

20  1504  1024  2685 

12      0  443  129  507 

10  609  368  1007 

20  755  581  1449 

2       10  1860  540  2130 

10  2050  842  2726 

20  3136  2491  6067 

2       2      0  930  270  1065 

10  1125  552  1652 

20  1696  1382  3376 

2       3      0  1612  468  1846 

10  1890  885  2697 

20  2883  2389  5747 

2       4      0  806  234  923 

10  859  315  1086 

20  1092  663  1798 

Notes  : 

Scenario  #3:  same  as  Scenario  #1,  Areas  1  and  2,  at  years  0 

and  10. 

Assumed  runoff  values:  same  as  for  Table  6.2.1.2B 
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Table  6.2.1.3B; 


Total  annual  yields  of  selected  trace 
elements  from  wastewater  effluent 
discharged  by  methanol  plants  in  the 
scenarios  (Ib/yr) 


Scenario 

# 

Area 
# 

Year 

Se 

As 

Element 
Cd      Mn 

Ni 

Zn 

1  &  3 

1 

0 
10 
20* 

0 
2.6 
2.6 

0 
7.9 
7.9 

0 
2.6 
2.6 

0 
52.7 
52,7 

0 
184.3 
184.3 

0 
237 
237 

2 

1 

0 
10 
20 

0 

4.2 

12.6 

0 
12.6 
37.5 

0 

4.2 

12.6 

0 

82,9 

248.9 

0 
290.2 
871 

0 

373.3 

1120.1 

2 

3 

0 
10 
20 

0 
2.4 
9.3 

0 
7.5 
28 

0 
2.4 
9.3 

0 

49.8 

185.4 

0 
174 
648.3 

0 
223.8 
833.5 

Notes: 

*Scenario  #1  only 

For  other  areas  in  all  scenarios  no  processing  of  peat  on  site 


Table  6.2.1.3C; 


Average  fecal  and  total  coliform  bacteria 
concentrations  measured  in  drainage  water 
from   the  organic  soil  sites  (no. /100ml) 


Shallow  Organic 
Crop         Natural 
Fecal   Total     Fecal   Total 


Deep  Organic 
Pasture         Natural 
Fecal   Total    Fecal   Total 


1976* 

28 

1665 

29 

441 

730 

2672 

18 

132 

1977 

207 

1091 

9 

139 

1242 

2665 

5 

71 

1978 

193 

2054 

28 

313 

1181 

2231 

17 

117 

Note : 

*Only  monitored  for  last  six  months  of  the  year.  The  averages 
are  not  weighted  averages,  but  are  means  of  all  values 
obtained,  regardless  of  flow  rate. 
Source: 

Skaggs  et  al.,  1980 
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6.2.1.3.3  Conclusions 

6.2.1.3.3.1  Trace  Elements 

Generally,  increases  in  Cu,  Mn  and  Zn  appear  to  reflect 
conversion  of  peatlands  to  croplands,  which  is  not  surprising 
given  the  yield  data  provided  by  Skaggs  et  al.  (1980)  and 
recalling  the  equivalence  of  actively  rained  areas  and  croplands. 
Trace  elements,  particularly  those  that  occur  predominantly  as 
divalent  cations  (e.g.,  Cd ,  Hg ,  Ni,  Pb)  will  probably  display 
trends  similar  to  those  suggested  here  for  Cu  and  Zn. 

Among  the  trace  element  components  of  methanol  plant 
effluent  (Table  6.2.1.3B),  the  significant  quantities  of  Ni 
anticipated  may  merit  particular  scrutiny.  Unfortunately,  no 
data  concerning  organic  constituents  of  such  plant  effluent  are 
available;  such  data  are  necessary  to  fully  assess  potential 
impacts  of  the  effluent. 

The  potential  impacts  of  trace  element  yields  have  not  yet 
been  considered  due  to  severe  data  limitations  and  current  time 
constraints. 


6.2.1.3.3.2  Pesticides 

There  are  far  less  data  available  concerning  yields  of 
pesticides  in  the  region  than  exist  even  for  trace  elements. 
However,  runoff  containing  pesticides  from  peatlands  converted 
to  croplands  could  have  impacts  on  receiving  systems.  Yields 
have  been  estimated,  to  our  knowledge,  only  for  Alachlor,  the 
most  widely  used  herbicide  in  the  region.  According  to  Skaggs  et 
al.  (1980),  less  than  1%  of  the  amount  applied  will  enter 
surface  waters,  based  on  field  experiments.  Using  an  average 
application  rate  of  3  Ibs/ac  (3.4  kg/ha)  suggested  by  Dr.  John 
W.  Van  Duyn  (state  entomologist,  Plymouth,  NC) ,  the  following 
yields  can  be  estimated: 

Low  Medium  High 

(0.1%)  (0.5%)  (1.0%) 

0.0030  Ib/ac.yr     0.0151  Ib/ac.yr   0.0303  Ib/ac.yr 

At  this  point,  this  is  as  far  as  the  analysis  can  go,  since  we 
have  no  estimates  of  the  proportion  of  peatlands  expected  to  be 
converted  to  croplands  that  will  be  treated  with  Alachlor.  It 
should  be  noted  that  Skaggs  et  al  .  (1980)  observed 
concentrations  of  Alachlor  in  drainage  waters  on  two  occasions 
that  were  within  the  95%  confidence  interval  of  the  LD  _  for 
bluegill  (2.33-4.5  M.q/ml     (Johnson  and  Finley,  1980). 
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other  pesticides  currently  in  use  in  the  area  and  the  crops 
on  which  they  are  used  may  be  found  in  Appendix  10.7.  Yield 
estimates  provided  by  Willis  and  McDonald  (1982)  may  be  useful 
for  predicting  inputs  of  some  of  these  pesticides  where 
application  areas  and  rates  can  be  predicted. 

6.2.1.3.3.3  Coliform  Bacteria 

Again,  data  are  quite  sparse  and  appear  inadequate  for 
making  yield  predictions.  However,  the  following  concentration 
data  from  Skaggs  et  al.  (1980)  clearly  indicate  the  potential 
for  large  increases  in  inputs  of  coliform  bacteria  from 
peatlands  converted  to  croplands  and,  particularly,  to  pasture. 
The  potential  impacts  of  such  inputs  have  not  yet  been  assessed. 


6.2,1.3.3.4  Summary 

The  limited  data  available  suggest  that  peat  mining 
activity  and  subsequent  land  use  changes  will  significantly 
increase  effluxes  of  trace  metals,  pesticides  and  coliform 
bacteria.  At  this  time,  little  information  exists  to  address  the 
critical  question  of  the  impacts  of  such  increases  in  drainage 
waters  on  biota  of  the  receiving  estuarine  systems.  Determining 
the  potential  for  impacts  is  a  critical  research  need.  In 
addressing  these  issues,  the  approach  should  be  similar  to  that 
employed  for  assessing  impacts  of  complex  effluents.  If  impacts 
do  occur,  they  are  not  likely  to  be  the  result  of  a  single 
material,  such  as  mercury  or  Alachlor,  but  rather  the  result  of 
the  cumulative  effects  of  a  variety  of  trace  metals,  pesticides 
and  other  substances. 
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6.2.2  Groundwater 

6.2.2.1  Approach/Assumptions 

Prior  to  mining,  the  estimated  recharge  rate  to  the  Castle 
Hayne  Aquifer  is  between  approximately  0.01  and  0.02  inches  per 
year  in  the  vicinity  of  Area  1  in  Scenario  #1  (Foutz, 
1983).  Confining  clay  layers  over  the  Yorktown,  Pungo  River  and 
Castle  Hayne  Aquifers  are  responsible  for  this  very  low  recharge 
rate.  These  confining  layers  typically  possess  hydraulic 
conductivities  of  less  than  2x10  feet  per  day.  It  is  assumed 
that  similar  recharge  rates  exist  for  much  of  the  study  area 
because  of  these  same  confining  layers.  Figure  6.2.2A 
illustrates  two  approximate  hydrogeologic  profiles  within  the 
vicinity  of  Area  1  of  Scenario  #1  as  reported  by  two  independent 
researchers  (PMA,  1983k;  Foutz,  1983). 


6.2.2.2  Conclusions 

As  detailed  in  the  alternative  scenarios  (see  sections 
5.2.2.5.13,  5.2.3.5.13  and  5.2.4.5.13)  the  reduction  in  recharge 
rate  to  the  Castle  Hayne  Aquifer  with  the  removal  of  peat  was 
determined  to  be  less  than  10%.  The  study  area  does  not  appear 
to  be  a  major  recharge  area  for  the  primary  aquifers  and  the 
potential  effects  of  peat  mining  on  the  recharge  and  on  the 
aquifer  yield  are  considered  to  be  negligible. 

Foutz  (1983)  found  that,  with  the  removal  of  peat,  the 
overall  downward  gradient  was  maintained,  although  reduced  from 
the  before  mining  levels,  in  the  vicinity  of  the  PMA  peat  mine. 
However,  this  result  may  not  be  applicable  to  other  areas  in  the 
region.  Leggette,  Brashears  and  Graham,  Inc.  (LBG,  1983) 
predicted,  using  a  three-dimensional  ground  water  model,  a  flow 
of  up  to  0.6  mgd  being  released  from  the  shell  hash  and  fine 
sand  units  into  the  surface  water  system.  This  flow  results  from 
a  predicted  gradient  reversal  between  the  fine  sand  and  shell 
hash  units  resulting  in  an  upward  rather  than  downward  gradient. 
This  result  differs  from  Foutz  (1983),  reported  above.  The  LBG 
finding  of  upwelling  is  dependent  upon  the  assumption  that  the 
confining  clay  layers  above  and  below  the  fine  sand  unit  are 
continuous.  In  the  boring  analysis  performed  by  Foutz,  these 
layers  were  not  continuous.  The  upwelling  prediction  is  also 
dependent  upon  the  conductivities  of  the  fine  sand  and  shell 
hash  units  being  high  enough  to  maintain  an  adequate  supply  of 
water  to  those  layers.  LBG  reported  conductivities  of  these 
layers  several  orders  of  magnitude  higher  than  those  measured  by 
Foutz.  Based  on  Foutz 's  data,  the  upwelling  in  the  PMA  harvest 
area  would  be  overestimated  by  LBG  and  the  underlying  aquifers 
should  adjust  to  a  new  equilibrium  fairly  quickly  after  mining, 
preventing  any  continuous  upwelling  effect.  The  LBG  conclusion 
represents  a  worst  case  situation  in  which  heads  in  the 
surrounding  aquifers  do  not  adjust  to  the  changing  conditions, 
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Figure  6.2.2A:  Generalized  hydrogeologic  units  in  Scenario  #1,  Area  1. 

Average  thicknesses  for  each  layer  (in  ft.)  as  reported  by 
PMA  (1983K)  and  Foutz  (1983).  Not  to  scale. 
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SiCL  -  Silty  Clay  Loam  Lense 


The  potential  for  saltwater  intrusion  is  of  concern  due  to 
the  proximity  of  the  study  area  to  the  coast.  According  to  Heath 
(1975)  the  fresh/saltwater  interface  is  moving  to  the  west. 
Within  the  Upper  Castle  Hayne  Unit  the  rate  of  lateral  movement 
is  estimated  to  range  from  about  5  feet  per  year  to  about  15 
feet  per  year  for  a  change  in  gradient  of  one  foot  per  mile 
(PMA,  1983k)  .  Declines  in  the  hydraulic  head  in  the  Upper  Castle 
Hayne  Unit  project  by  PMA  as  a  result  of  peat  harvesting  will 
result  in  negligible  impact  on  the  rate  of  interface  movement. 
In  addition,  the  methanol  plant  in  Scenario  #1,  Area  1  will 
withdraw  up  to  3  million  gallons  of  water  per  day  (mgd)  from  the 
surficial  aquifers  for  plant  site  dewatering  during  plant 
construction  (approximately  2  years)  and  a  maximum  of  2.3  mgd 
from  high-yielding  aquifers  for  plant  processing  water  during 
normal  operation.  The  effects  of  these  direct  withdrawals  on  the 
fresh/saltwater  interface  are  unknown. 

A  second  hazard  relating  to  salt  water  is  the  potential  of 
upconing.  Heath  (1975)  estimated  the  depth  to  the 
fresh/saltwater  interface  at  between  400  and  600  feet.  Because 
of  the  higher  specific  gravity  of  salt  water  and  provided  that 
the  rate  of  movement  of  the  fresh/saltwater  interface  is  low, 
then,  to  maintain  hydrostatic  equilibrium,  about  40  feet  of 
fresh  water  is  required  below  sea  level  for  each  foot  of  fresh 
water  above  sea  level.  This  is  known  as  the  Ghyben-Her zberg 
principle.  However,  because  of  the  variabilities  in  the 
formation  layers  in  this  area,  this  simple  relationship  will  not 
be  sufficient  to  determine*  the  depth  to  the  saltwater  interface 
or  its  potential  intrusion  into  the  freshwater  aquifers. 
Theoretically,  a  one  foot  decline  in  the  pressure  head  in  the 
Upper  Castle  Hayne  Aquifer  could  raise  the  fresh/saltwater 
interface  40  feet.  The  Castle  Hayne  Aquifer  in  Areas  3  and  4  of 
Scenario  #2  is  known  to  be  brackish  and  any  pumping  from  deep 
aquifers  in  those  areas  may  cause  an  upconing  of  brackish  water 
sufficient  to  pollute  production  and  local  wells. 

The  probability  of  these  problems  occurring  increases  with 
proximity  to  the  shoreline  and  with  decreasing  ground  elevation. 
Special  care  should  be  taken  in  areas  where  mining  will  reduce 
the  ground  surface  close  to  or  below  sea  level  (Scenario  #1  and 
#3,  Area  2  and  Scenario  #2,  Areas  2,  3  and  4).  The  salt  content 
of  the  Intracoastal  Waterway  and  Alligator  River  mouth  varies 
between  1  and  4  parts  per  thousand  (J.  Reed,  Dept.  of  Zoology, 
NCSU,  personal  communication).  Fresh  water  is  generally 
considered  to  have  a  salt  content  of  less  than  0.36  parts  per 
thousand.  Thus  any  encroachment  of  these  waters  into  local  fresh 
water  wells  would  cause  contamination. 

LBG  (1983)  analyzed  the  effects  of  expected  alterations  in 
hydraulic  heads  of  various  formations  with  peat  mining.  These 
analyses  indicate  that  peat  mining  will  have  a  negligible  effect 
on  the  recharge  and  yield  of  the  major  aquifers  and  on  the 
saltwater   interface.  However,  analysis  is  lacking  on  the  effects 
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of  direct  groundwater  withdrawals  for  plant  processing.  The 
exact  magnitude  of  the  effects  of  plant  process  water 
withdrawals  of  about  2.3  mgd  (Scenario  #1,  Area  1)  and  the 
cumulative  effects  of  direct  withdrawals  and  peat  mining  are 
unknown.  The  analysis  should  also  be  expanded  to  the  other  areas 
in  the  study  and  the  potential  for  saltwater  intrusion  should  be 
studied  more  seriously,  especially  in  areas  where  mining  close 
to  and  below  sea  level  is  being  considered.  " 

To  the  extent  that  saltwater  upconing  becomes  a  problem, 
controls  on  pumping  and  drainage  could  be  imposed  in  those  areas 
through  mining  permit  conditions. 


I 
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6.2.3  Hurricane  Flooding 

Maps  of  the  100-year  floodplain  for  the  counties  in  the 
study  area  are  being  prepared  for  the  National  Flood  Insurance 
Administration,  but  were  not  available  at  the  time  this  report 
was  written. 
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6.3  Land  Use  Conversions 

6.3.1  Approach/Assumptions 

Wetland  development  in  North  Carolina  has  been  concentrated 
on  tracts  of  land  underlain  by  mineral  soils,  peaty  mineral 
soils  and  shallow,  high-ash  peats.  In  all  of  the  state's 
wetlands  that  contain  peat  deposits,  most  disturbance,  including 
ditching,  draining  and  clearing  for  either  agriculture  or 
silviculture,  stops  where  the  peat  attains  a  thickness  of  about 
four  feet.  Once  this  thickness  is  reached,  the  degree  of 
difficulty  in  preparing  the  land  increases  significantly. 
Outlined  below  are  the  steps  typically  taken  to  prepare  a  site 
for  farming: 

1.  Cut  out  the  marketable  timber. 

2.  Dig  field  ditches  to  drain  the  surface  and  shallow 
subsurface  water. 

3.  Bulldoze  the  remaining  vegetation  and  root  mat  into 
windrows . 

4.  Bulldoze  the  excessive  peat  into  the  windrows. 

5.  If  the  remaining  peat  contains  abundant  "fossil"  wood,  pull 
the  wood  out  and  add  it  to  the  windrows. 

6.  Burn  the  windrows. 

7.  Deep  plow  the  remaining  peat  into  the  underlying  mineral 
soils. 

8.  Grade  the  ground  surface  to  attain  the  proper  slope  for 
surface  and  shallow  subsurface  drainage. 

9.  Fertilize  and  plant. 

Numerous  problems  are  encountered  in  developing  peat 
deposits  as  peat  thickness  increases.  These  problems  can  occur 
at  any  point  during  site  preparation,  as  illustrated  in  the 
following  examples: 

1.  Virgin  timber  was  removed  from  most  of  the  peatlands  many 
years  ago.  The  second  growth  that  now  covers  a  large 
portion  of  the  deep  peats  in  Hyde,  Tyrrell  and  Washington 
Counties  is  relatively  young,  and  is  thus  less  attractive 
for  commercial  use.  I 
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2.  The  peat  associated  with  the  Alligator  River  predominantly 
fills  tributary  valleys  of  the  river  system.  The  thicker 
peats  are  concentrated  in  the  channel  areas  of  the 
valleys.  Surface  and  subsurface  waters,  unless  cut  off 

by  canals,  still  flow  toward  these  ancestral  channels. 
These  areas,  therefore,  are  naturally  wetter  than  the 
shallow  peats  around  the  periphery  of  the  deposits,  and 
are  thus  more  difficult  to  drain. 

3.  It  is  difficult  to  run  heavy  machinery  designed  for 
clearing  and  farming  operations  over  the  thick  peats, 
especially  after  the  supportive  root  mat  is  removed. 

4.  The  thicker  peats  contain  greater  amounts  of  large  wood 
fragments,  including  large  stumps  and  logs,  making  the 
peat  more  difficult  to  prepare  for  use. 

5.  The  thicker  peats  are  typically  low  in  ash  (mostly  less 
than  10%  and  commonly  less  than  5%  ash  at  dry  weight) 
and  are  thus  nutrient  poor. 

6.  Even  with  field  ditching  and  evapotranspiration ,  the  water 
table  in  the  thicker  peats  remains  close  to  ground  surface, 
and  very  rarely  drops  into  the  underlying  mineral  soils 
during  the  growing  season.  The  underlying  mineral  soils, 
therefore,  remain  out  of  reach  of  most  plants. 

Numerous  small  scale  attempts,  and  one  major  attempt  within 
the  boundaries  of  Area  1,  Scenario  #1,  have  been  made  to  utilize 
the  thicker  peats,  but  all  attempts  have  thus  far  failed.  By 
virture  of  their  inaccessibility,  these  peatlands  have  remained 
undisturbed.  Peat  mining  may,  however,  eliminate  practically  all 
the  major  obstacles  that  have  thus  far  prevented  development  of 
deep  peatlands. 
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6.3.2  Data 

Table  6.3A:   Scenario  #1,  Areas  1  and  2 —  Land  use/land  cover, 
pre-  and  post-mining  (%  of  total  acreage) 


Land  use 


Area  1 


Pre 

Yr  0 


Post 
Yr  20 


Area  2 


Pre 

Yr  0 


Post 
Yr  20 


Agriculture/ 
Silviculture 


18 


72 


15 


88 


Severely 
disturbed 


56 


16 


Undisturbed/ 

Minimally 

disturbed 


24 


10' 


69 


10' 


Open  water 
Pasture 


2 

0 


18 
0 


0 
0 


0 
2 


*Restored  native  vegetation 


Table  6,3B:   Scenario  #2,  Areas  1,  2,  3  and  4--  Land  use/land  cover, 
pre-  and  post-mining  (%  of  total  acreage) 


Land  use 


Area  1        Area  2        Area  3 
Pre   Post     Pre   Post     Pre   Post 
Yr  0   Yr  20   Yr  0   Yr  20   Yr  C 


Area  4 
Pre   Post 
Yr  20   Yr  0   Yr  20 


Agriculture/ 
Silviculture 


73 


88 


85 


18 


Severely 

disturbed 

34 

0 

3 

0 

3 

0 

6 

0 

Undisturbed/ 

Minimally 

disturbed 

57 

10* 

89 

10* 

97 

10* 

92 

18* 

Open  water 

0 

12 

0 

0 

0 

0 

0 

40 

Pasture 

0 

5 

0 

2 

0 

5 

0 

2 

Residential 

0 

0 

0 

0 

0 

0 

0 

22 

♦Restored  native  vegetation 
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6.3.3  Conclusions 

6.3.3.1  Scenario  #1 

6.3.3.1.1  Area  1 

The  peat  mines  described  encompass  15,818  acres.  Currently 
76%  of  this  tract  is  severely  disturbed  or  is  in  human  use 
(Table  6.3A).  Only  24%  can  be  considered  in  a  natural  to 
near-natural  state.  Reclamation  as  outlined  in  section  5.2.2.10 
will  include  using  72%  of  the  area  for  agricultural  purposes  and 
18%  as  an  open  water  lake.  Only  10%  will  return  to  a  native 
system. 

6.3.3.1.2  Area  2 

The  peat  mine  covers  7,142  acres.  Currently  31%  of  this 
tract  is  severely  disturbed  or  is  in  human  use,  whereas  69%  can 
still  be  considered  in  a  natural  state,  or  has  undergone  only 
minimal  disturbance  (Table  6.3A).  Reclamation  as  outlined  in 
section  5.2.2.10  will  convert  this  tract  almost  exclusively  to 
agriculture  and  pasture  (90%) .  Native  vegetation  will  be 
regenerated  on  only  10%  of  the  tract. 

6.3.3.2  Scenario  #2 

6.3. 3.2. 1  Area  1 

The  total  area  covers  30,000  acres.  In  its  present  state, 
43%  of  this  land  is  in  agriculture,  is  planned  for  agriculture, 
or  is  severely  disturbed  by  human  activity  (Table  6.3B).  The 
undisturbed  57%  is  dominated  by  pocosin  wetlands  (low 
pocosin  =  44%,  high  pocosin  =  13%)  .  Reclamation  for  this  tract  as 
outlined  in  section  5.2.3.10  is  78%  in  pasture,  row  crops  and 
pine  plantation.  An  open  water  lake  will  cover  12%  of  the  tract. 
Only  10%  will  be  returned  to  native  vegetation. 

6.3.3.2.2  Area  2 

Of  the  15,000  acres  in  this  tract,  only  11%  is  severely 
disturbed  (Table  6.3B).  The  89%  that  is  either  undisturbed  or 
minimally  disturbed  is  covered  with  evergreen  forest  (8%) ,  mixed 
swamp  forest  (3%)  ,  high  pocosin  (18%)  ,  low  pocosin  (48%)  and 
partly  disturbed  land  (12%)  .  The  reclamation  plan  outlined  in 
section  5.2.3.10  will  convert  90%  of  the  land  to  pasture,  row 
crops  and  pine;  10%  will  return  to  native  vegetation. 
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6.3.3.2.3  Area  3 

The  26,000  acres  in  this  area  are  currently  97%  undisturbed 
(Table  6.3B).  Only  3%  is  considered  transitional,  containing 
field  ditches.  The  undisturbed  portion  is  dominated  by  high 
pocosin  (60%)  .  The  remaining  land  is  covered  with  mixed  swamp 
forest  (21%)  and  low  pocosin  (16%).  Post-mining  use  outlined  in 
section  5.2.3.10  will  convert  90%  of  this  land  to  pasture,  pine 
plantation  and  row  crops,  with  10%  returning  to  native 
vegetation . 


6.3.3. 2.4  Area  4 

This  area  contains  13,000  acres,  of  which  92%  is  relatively 
undisturbed  (Table  6.3B).  Only  8%  has  been  either  cleared  for 
farming  or  field  ditched.  Of  the  undisturbed  land,  5%  has  been 
partially  ditched.  The  remaining  88%  contains  1%  white  cedar 
forest.  Area  4  is  elevationally  lower  than  the  other  three  areas 
in  Scenario  #2.  Significant  drainage  problems  could  develop  if 
the  mined  land  were  reclaimed  in  row  crops.  Reclamation  assumed 
for  Area  4,  however,  includes  40%  open  water,  22%  residential  or 
recreational  use,  20%  pasture  and  pine  plantation  and  18% 
restored  native  vegetation. 

6.3.3.3  Summary 

The  major  overall  change  in  land  use  due  to  the  scenarios 
will  be  the  loss  of  large  tracts  of  natural,  relatively 
undisturbed  wetlands.  The  subsequent  post-mining  maintenance  of 
this  land  for  agricultural  purposes  will  prevent  the  land  from 
reverting  to  a  natural  system.  -  :•-  .; 

Hyde,  Tyrrell  and  Washington  Counties  contain  a  total  of 
876,160  acres  of  land,  of  which  205,820  (23.5%)  was  in  active 
agriculture  in  1981  (Lukin  and  Mauger ,  1983).  The  maximum  amount 
of  peat  mining,  as  proposed  in  Scenario  #2  (84,000  acres), 
constitutes  9.6%  of  the  land  in  the  three  county  area.  If  the 
post-mining  reclamation  plans  outlined  in  Scenario  #2  (see 
section  5.2.3.10.3)  are  followed,  an  additional  40,900  acres  of 
crop  land  will  be  developed,  bringing  the  total  agricultural 
land  to  28.2%  of  the  total  land  area  in  the  three  counties. 

Approximately  84,000  acres  of  peat  in  Scenario  #2  exists  in 
deposits  at  least  four  feet  thick;  the  entire  state  contains 
about  200,000  acres  of  wetlands  underlain  by  peat  of  these 
thicknesses.  The  excavation  of  these  84,000  acres  will  eliminate 
41%  of  this  type  of  wetland  environment.  The  dominant 
undisturbed  land  cover  for  the  total  84,000  acres  in  Scenario  #2 
is  pocosins  (54,000  acres  or  65%).  If  the  disturbed  pocosin  land 
is  included  (13,780  additional  acres),  pocosins  cover  68,080 
acres   (81%)  of  the  total  mining  area  in  Scenario  #2.  Richardson, 
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et  al.  (1981)  state  that  North  Carolina  originally  contained 
2.24  million  acres  of  pocosins,  of  which,  by  1979,  only  695,000 
acres  were  still  undisturbed  and  808,000  acres  were  in 
transition.  The  68,080  acres  of  total  pocosin  land  in  Scenario 
#2  constitute  4.5%  of  the  total  remaining  pocosins  in  the  state; 
the  54,300  acres  of  undisturbed  pocosins  include  7.8%  of  the 
state's  undisturbed  pocosins.  Superficially,  this  amount  does 
not  sound  like  a  significant  portion  of  the  total  pocosin 
ecosystem  in  North  Carolina.  The  pocosins  of  the 
Albemarle-Pamlico  Peninsula,  however,  and  in  fact,  the  total 
wetland  system  of  the  peninsula,  constitute  the  largest  and 
least  disturbed  wetland  complex  in  the  state.  The  elimination  of 
84,000  acres  from  the  core  of  this  system  will  not  only  destroy 
this  portion  of  the  wetlands,  but  will  also  aid,  indirectly,  in 
the  conversion  of  many  tens  of  thousands  of  additional  acres  of 
wetland  around  the  periphery  of  the  wetland  complex. 

6.3.3.3.1  Legal  Aspects  of  Residential  Development 

Legal  controls  exist  at  the  federal,  state  and  local  levels 
to  mitigate  environmental  harm  from  large-scale  residential 
development  as  proposed  in  Area  4,  Scenario  #2.  If  the  area 
affected  is  within  the  Section  404  permit  jurisdiction,  a  dredge 
and  fill  permit  must  be  obtained  from  the  Corps  of  Engineers 
before  any  dredging  or  filling  is  done  in  waters  of  the  United 
States.  Land-disturbing  activity  would  be  subject  to  the  three 
standards  imposed  by  G.S.  113A-57  for  the  control  of  erosion  and 
sedimentation,  and  the  counties  could  adopt  local  sedimentation 
control  programs  pursuant  to  G.S.  113A-60,  under  which  permits 
for  land-disturbing  activities  could  be  required.  The  counties 
could  also  regulate  development  through  the  adoption  of 
subdivision  and  zoning  ordinances  pursuant  to  Chapter  153A  of 
the  General  Statutes. 


6.3.3.3.2  Legal  Aspects  of  Wet  Reclamation  and  Newly 
Created  Drainage  Canals 

The  following  paragraphs  outline  the  laws  and  regulations 
that  would  affect  bodies  of  water,  such  as  isolated  lagoons  or 
canals  with  outlets  to  rivers  or  estuaries,  created  during  peat 
mining . 

Excess   water  from  mined  areas  may  in  some  cases  be  disposed 

of   in   isolated   storage   ponds   dredged  from  land  owned  by  the 

mining   operator   and   having   no   outlet  to   a   sound,  river  or 
tributary  of  a  sound  or  river. 

If  the  isolated  ponds  are  dredged  in  areas  subject  to  the 
Corps  of  Engineers'  Section  404  permit  jurisdiction,  that  is,  if 
they  are  located  on  "wetlands"  within  the  meaning  of  Section  404 
of   the  Clean  Water  Act,  then  a  dredge  and  fill  permit  would  have 
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to  be  obtained  from  the  Corps,  with  an  accompanying 
Environmental  Impact  Statement.  Whether  or  not  the  ponds  are 
located  on  "wetlands,"  the  permit  and  reclamation  provisions  of 
the  North  Carolina  Mining  Act  of  1971,  G.S.  74-46  through  G.S. 
74-68,  are  sufficiently  broad  to  cover  the  dredging  of  the  ponds 
in  conjunction  with  surface  mining,  and  their  construction  could 
be  regulated  pursuant  to  those  provisions. 

The  beds  and  banks  of  the  ponds  (whether  isolated  or  having 
an  outlet)  would  remain  in  private  ownership  and  would  be 
subject  to  local  ad  valorem  taxation.  However,  it  is  difficult 
to  appraise  land  lying  under  water,  and  it  is  therefore  likely 
that  the  ponds  would  be  given  a  nominal  value  for  tax  purposes. 

Isolated  storage  ponds  created  on  "wetlands"  within  the 
meaning  of  Section  404  would  remain  a  part  of  the  wetlands  and 
would  continue  to  be  subject  to  Section  404  dredge  and  fill 
permit  jurisdiction  and  Section  402  NPDES  jurisdiction  after 
they  are  filled.  Ponds  created  on  land  that  does  not  fall  within 
the  Section  404  definition  of  "wetlands"  would  not  be  "waters  of 
the  United  States"  under  either  33  U.S.C.  section  1326(7)  or  the 
expansion  of  that  term  in  40  C.F.R.  section  122.2  because  they 
are  artificially  created  and  have  no  outlets  into  other  waters. 
As  a  result,  the  ponds,  once  created,  would  be  subject  to 
neither  Section  402  nor  Section  404  permit  jurisdiction  under 
the  Clean  Water  Act.  Even  though  they  are  not  created  on 
wetlands,  are  artificial,  and  have  no  outlets  to  other  waters, 
the  ponds  would  still  come  within  the  broad  definition  of 
"waters"  in  G.S.  143-213(20)  and  could,  therefore,  be  subject  to 
North  Carolina  water  quality  standards  and  other  regulatory 
controls. 

In  other  cases,  excess  water  from  mined  areas  may  be 
disposed  of  via  canals  dredged  from  land  owned  by  the  mining 
operator  opening  into  a  sound  or  river  or  tributary  of  a  sound 
or  river  (including  canals  receiving  waters  from  storage  ponds 
with  controlled  outlets)  .  Canals  created  in  this  manner  would  be 
subject  to  Section  404  jurisdiction,  and  a  Corps  of  Engineers' 
dredge  and  fill  permit  would  be  required  for  their  creation. 
Also,  a  North  Carolina  dredge  and  fill  permit  would  be  required 
pursuant  to  G.S.  113-229. 

The  beds  and  banks  of  the  canals  would  remain  in  private 
ownership  and  would  be  subject  to  local  ad  valorem  taxation, 
with  the  same  difficulty  regarding  appraisal  mentioned  above. 

The  canals,  once  created  (and  probably  ponds  connected  by 
an  outlet  to  such  canals) ,  would  appear  to  come  within  the 
definition  of  "waters  of  the  United  States"  as  given  in  40 
C.F.R.  section  122.2,  especially  in  view  of  the  fact  that  the 
courts  have  given  the  term  an  expansive  definition  (see  Leslie 
Salt  Co.  v.  Froehlke,  578  F.2d.  742  (9th  Cir.  1978)  and  U.S.  v. 
Earth    Sciences,    Inc.,    599   F.2d.   368   (10th   Cir.   1979)). 
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Therefore,   both   Section  402  and  Section  404  permit  restriction- 
would  apply  to  the  canals. 
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6.4  Air  quality 

6.4.1  Approach/Assumptions 

The  air  quality  impacts  of  peat  mining  and  utilization  are 
possible  to  predict  only  on  a  site  specific  basis.  Model 
predictions  require  quantitative  information  on  the  flux  of 
emitted  pollutants  from  each  source,  the  location  of  each 
source,  the  location  of  all  sensitive  receiving  areas  with 
respect  to  the  sources,  comprehensive  meteorological  data  for 
the  region  and  an  appropriate  mathematical  dispersion  model.  In 
addition,  the  height  above  ground  at  which  the  pollutants  are 
emitted  and  any  ameliorating  conditions  must  be  factored  into 
the  model  calculations.  The  cost  and  complexity  of  both  data 
gathering  and  computation  limit  air  quality  model  development  to 
immediate  cases  of  concern;  long  range,  cumulative  air  quality 
impacts  are  rarely  undertaken  because  of  the  additional  costs 
and  the  uncertainty  that  exists  in  source  location.  To  date,  an 
air  quality  impact  assessment  has  only  been  performed  for  the 
PMA  methanol  production  site  that  roughly  corresponds  to  the 
methanol  production  site  in  Scenario  #1,  Area  1.  Predicted 
impacts  of  both  fugitive  dust  emissions  during  mining  and 
pollutant  emissions  from  methanol  conversion  are  reported  in  PSD 
permit  applications  of  PMA  to  the  Division  of  Environmental 
Management  (PMA,  1981).  Because  these  two  source  types  are 
assumed  to  be  the  same  as  the  scaled  up  peat  mining  development 
of  Scenario  #2,  the  PMA  document  could  provide  the  basis  for 
development  of  air  quality  impact  models  involving  the 
integrated  impact  of  the  large-scale  peat  mining  postulated  in 
Scenario  #2. 

Although  it  was  not  possible  to  build  a  quantitative 
integrated  model  of  air  quality  impacts  of  peat  mining  on  the 
scale  of  Scenario  #2  (or  even  Scenario  #1)  without  specific 
siting  location  and  scheduling,  a  review  of  the  data  was 
conducted.  Additional  information  on  the  following  aspects  of 
air  quality  are  included  in  Appendix  10.8:  applicable  air 
quality  standards;  an  expanded  discussion  of  pollutant  sources 
and  emissions;  critical  receptors;  models  and  predictions;  and 
monitoring  requirements. 
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6.4.2  Data 

Table  6.4A:  Scenario  #1,  Area  1 —  Fugitive  dust  emissions  from 
peat  mining,  transport  and  field  pile  storage  of 
peat  for  methanol  production 


Source 
Harvesting 
On-site  transport 

Field  storage  piles 

Note : 

Assumes  1900  acres  are  a 

total  harvested  peat  eq 

moisture  per  year. 

Source: 

PMA,  1983a 


Annual  release  tons/yr 

159 

188  (66  tons/yr/round  trip 
vehicle  mile) 

34 

ctively  being  mined  each  year  with 
ual  to  90.6  X  10   tons  at  40% 


Table  6 .  4B :  Scenario  #1,  Area  1--  Criteria  pollutant  emissions 

from  the  methanol  plant  processing  about  1,600  (dry) 
tons  of  peat  per  day 


Pollutant 


Particulates 
Sulfur  Oxides  (SO  ) 
Nitrogen  Oxides  (NO 
Carbon  Monoxide  (C07 
Hydrocarbons  (HC) 
Ozone 


Minimum 

Minimum 

Emission 

Emission 

Potential  Plant- 

-Wide 

Levels 

Requiring 

Air  Emissions 

Requiring 

BACT 

(tons/yr) 

PSD  Review 
(tons/yr) 

Review 

120.4 

100 

25 

685.9 

100 

40 

)       560.0 

100 

40 

1032.6 

100 

100 

95.0 

100 

40 

98.8 

Source : 

PMA,  1981 
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Table  6 . 4C :  Scenario  #1,  Area  1 —  Non-criteria  pollutant  emissions 
from  a  methanol  plant  processing  about  1,600  (dry) 
tons  of  peat  per  year 


Pollutant 


Hydrogen  Sulfide  (H-S) 
Carbonyl  Sulfide  (COS) 
Fluorides  (HF) 
Mercury  (Hg) 
Beryllium  (Be) 

Source: 

PMA,  1981 


Potential  Plant-  Minimum  Emission 

Wide  Air  Emissions  Levels  Requiring 

Emissions  PSD  Review 

(tons/yr)  (tons/yr) 


1.0 
36. 
0. 

0.065 
0. 


10 
10 

3 

0.1 
0.0004 


Table  6.4D:  Scenario  #1,  Area  1--  Fugitive  particulate  analysis, 
maximum  off-property  concentrations  (Mg/M    ) 
from  peat  for  methanol  project 


Worst  Case  Mining  Location 


Class  II-  Annual 


Class  II-  24  Hour 


Predicted 
Activity 
Activity  Concentration 

Harvesting  4. 16 

Athey  Loader  0.004 

Storage  Piles 

a)  Wind  Erosion  6.01 

b)  Load  In/Load  Out  Neg . 

c)  Pile  Maintenance  Neg. 
Roadways  5. 19 
Plant  Contribution  3.05 
Baseline  Background  40 


Predicted 
Activity 
Concentration 

6 

.65 

0 

.009 

8.84 

Neg . 

Neg. 

6.52 
11.57 
40 


Total  Predicted  58.4 

NC  Air  Quality  Standard   75 


73.58 
150 


f 
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Table  6.4E:  Scenario  #1,  Area  1 —  Fugitive  particulate  analysis. 


maximum  off-property  concentrations  (-t<g/M  )  from 
peat  for  methanol  project 

Worst  Case  Mining  Location 

Class  I  -  Annual  Class  1-24  Hour 

Predicted  Predicted 

Activity  Activity 

Activity              Concentration  Concentration 


Harvesting  0.03  0.082 

Athey  Loader  Neg.  Neg. 
Storage  Piles 

Wind  Erosion  0.0092  0.090 

Load  In/Load  Out  Neg.  Neg. 

Pile  Maintenance  Neg.  Neg. 

Roadways  0.012  0.097 

Plant  Contribution  0.086  2.14 

Baseline  Background  40  40 

Total  Predicted  40.13  42.40 

NC  Air  Quality  Stand.  75  150 
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Table  6 . 4F :  Scenario  #1,  Area  1 —  Modeling  results:  Maximum 
off-property  predicted  concentrations*  from  peat 
for  methanol  project 


Pollutant 

Averaging 
Period 

New 
Site 

Particu- 
lates 

Annual 
24-Hour 

3.24 
12.40 

SO2 

Annual 

24-Hour 

3-Hour 

0.98 

6.42 

26.41 

CO 

8-Hour 
1-Hour 

80.12 

230.05 

NO2 

Annual 

0.67 

COS 

1-Hour 

9.67 

Mine 

Baseline 

Total 

Plant 

Background 

Predicted 

0.12 

40 

43.36 

7.34 

40 

59.7 

_ 

20 

20.98 

— 

20 

26.42 

- 

20 

46.41 

«. 

1,000 

1,080.12 

— 

1,000 

1,230.05 

- 

20 

20.67 

. 

0 

9.67 

Pollutant 


Averaging 
Period 


Class  II 
Increment 


N.C.  Air 
Quality  Standard 


Particulates 


Annual 
24-Hour 


19 
37 


150 


SO, 


Annual 
24-Hour 
3-Hour 


20 

91 

512 


80 

365 

1,300 


CO 


8-Hour 
1-Hour 


10,000 
40,000 


NO2 
COS 


Annual 
1-Hour 


60 


*A11  minimum  concentration  and  standards  expressed  in 

micrograms  per  cubic  meter  C^g/M  ) . 
Subject  to  revision  pending  final  permit  approval. 
Adapted  from:  PMA,  1981 
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6.4.3  Conclusions 

6.4.3.1  Particulate  Emissions  During  Peat  Harvesting  and 
Transport 

During  the  mining  and  transport  of  peat,  fugitive  dust 
emissions  will  result  from  wind  erosion  of  dried  surface  peat, 
from  peat  transport  and  from  peat  storage  piles.  Estimates  of 
these  sources  have  been  made  by  PMA  (1983a)  and  should  prove 
similar  for  other  areas  of  the  region.  Table  6.4A  lists  the 
estimated  source  term  emissions  of  fugitive  peat  dust  from  these 
activities.  Uncertainties  in  these  emission  estimates  are  very 
large  and  there  are  reasons  to  suspect  that  some  of  them  may  be 
biased  on  the  low  side  (see  Appendix  10.8).  Direct  field 
measurement  of  realistic  emission  rates  is  urgently  needed. 

Tilling  during  peat  harvesting  and  transportation  traffic 
will  contribute  about  equally  to  predicted  fugitive  dust 
emissions,  with  emissions  from  field  storage  piles  about 
five-fold  lower. 


6.4.3.2  Process  Plant  Emissions 

Methanol  production  is  assumed  to  be  the  main  point  source 
of  air  pollutant  emissions.  Tables  6.4B  and  6.4C  are  based  on 
PMA ' s  analysis  (PMA,  1981)  and  list  predicted  emissions  from  the 
methanol  plant  in  Area  1  of  Scenario  #1.  Subsequent  methanol 
plants  could  have  different  emission  rates  depending  on  control 
technologies  employed.  Nevertheless,  the  PMA  estimates  seem 
reasonable.  Because  point  source  emissions  such  as  these  are 
more  easily  monitored  than  the  dispersed  sources  of  peat 
harvesting  and  because  control  technologies  can  be  more  readily 
evaluated,  regulation  of  emissions  to  limit  air  quality  impacts 
can  be  carried  out  more  effectively  and  with  better  assurance 
that  control  has  been  achieved. 


6.4.3.3  Fires 

Uncontrolled  forest  and  peatland  fires  are  a  potential,  if 
unpredictable,  source  of  particulates  to  the  air.  Vandenberg  and 
Knoerr  (1983)  measured  particulate  deposition  in  the  Lake  Phelps 
vicinity  that  was  approximately  ten-fold  higher  than  normal 
during  a  period  of  extensive  forest  and  peatland  fires  in  the 
same  region.  If  fire  management  efforts  are  abandoned  during 
years  8-20  of  Scenario  #3,  an  increased  probability  of 
uncontrolled  fires  could  degrade  air  quality,  especially  in  the 
very  short  term  before  flooding  of  mined  areas  reduces  the  fire 
hazard  significantly.  Otherwise  air  quality  impacts  of  Scenario 
#3  will  be  similar  to  those  of  Scenario  #1  during  years  1-8  and 
negligible  thereafter. 
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6,4.3.4  Effects  on  Air  Quality 

Worst  case  estimates  of  offsite  air  quality  degradation 
from  mining  activities  for  methanol  production  in  Scenario  #1, 
Area  1  are  based  on  PMA ' s  analysis  and  shown  in  Tables  6.4D  and 
6.4E.  Maximum  off-property  predicted  concentrations  from  a 
single  methanol  conversion  plant  serving  a  15,000-acre  mining 
tract  (i.e.  Scenario  #1,  Area  1)  are  shown  in  Table  6.4F. 

A  single  peat-to-methanol  plant  in  Area  1  of  Scenario  #1  or 
plants  in  Areas  3  and  4  of  Scenario  #2  will  not  violate  North 
Carolina  Air  Quality  Standards  at  either  Class  I  or  Class  II 
receptor  sites  under  the  assumptions  used  in  the  PMA  model.  The 
distance  and  direction  of  Area  2  from  the  Swanquarter  NWR  Class 
I  area  might  preclude  such  a  plant  location,  but  no  onsite 
conversion  of  peat  to  methanol  is  postulated  for  Area  2  in 
either  Scenario  #1  or  #2. 

An  eight-fold  increase  in  methanol  production  (and  S0_ 
emissions)  as  assumed  for  Scenario  #2,  Areas  1  and  3,  will 
probably  not  violate  North  Carolina  Air  Quality  Standards  in 
Class  II  areas  if  the  plants  are  not  closely  spaced  near 
property  boundaries.  S0„  emissions  will  increase  from  686 
tons/year  to  5488  tons/year  (Texasgulf's  facility  upwind  (in 
terms  of  the  dominant  wind  vector)  at  Aurora  produces  21,000 
tons/year;  Weyerhaeuser ' s  facility  at  Plymouth  emits  18,000 
tons/year) . 

Fugitive  dust  emissions  during  peat  mining,  transport  and 
storage  are  probably  a  more  serious  concern  than  emissions  from 
methanol  plants.  This  is  a  consequence  of  the  greater 
particulate  emission  rates,  peat  harvesting  in  all  four  areas  in 
Scenario  #2,  and  the  possibility  of  emissions  immediately 
adjacent  to  the  mining  area  boundary. 

Estimates  of  fugitive  dust  emission  impact  on  air  quality 
are  shown  in  Tables  6.4D  and  E  for  a  mining  operation  as 
considered  in  Area  1  of  Scenario  #1.  Although  no  North  Carolina 
State  Air  Quality  Standards  are  exceeded  in  these  predictions, 
state  standards  could  be  exceeded  in  Class  II  areas  if  the 
source  emission  estimates  are  seriously  underestimated  (Appendix 
10.8)  or  if  harvesting  operations  are  conducted  immediately 
adjacent  to  property  boundaries. 

The  Swanquarter  National  Wildlife  Refuge  (NWR)  Class  I  area 
is  perhaps  less  likely  to  suffer  transgressions  of  particulate 
air  quality  standards,  but  more  consideration  must  be  given  in 
Scenario  #1  to  the  impact  of  the  nearby  Area  2  peat  mining 
region  which  lies  upwind  of  dominant  wind  vector  during  the  fall 
and  to  Areas  3  and  4  in  Scenario  #2,  which  also  lie  upwind 
during  this  season. 
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6.4.3.5  Amelioration  of  Impacts  through  Emission  Control 

Point  sources  of  pollutant  emissions  can  be  more  readily 
controlled  than  dispersed  emissions  from  in  peat  mining  and 
transport.  Known  and  effective  technological  methods  to  control 
point  source  emissions  exist,  and  their  effectiveness  can  be 
evaluated  readily  through  specific  source  monitoring.  Many 
pollutant  emission  reduction  technologies  have  been  planned  for 
PMA ' s  methanol  plant  and  accepted  as  adequate  by  NRCD  and  could 
be  augmented  as  necessary  by  further  emission  controls.  These 
methods  could  be  applied  to  other  methanol  plants  such  as  those 
described  in  Scenario  #2, 

Controls  to  limit  fugitive  dust  emissions  during  peat 
harvesting  and  transport  are  less  well  tested  and  more  difficult 
to  monitor  for  effectiveness.  Rogers,  Golden  and  Halpern,  Inc. 
(RGH,  1982)  suggest  four  approaches  to  mitigate  fugitive  dust 
emissions  during  milled  peat  harvesting  operations:  1)  planting 
vegetative  windbreaks  on  the  prevailing  wind  side  of  the  peat 
drying  fields  and/or  between  the  fields;  2)  harvesting  peatlands 
in  narrow  strips  perpendicular  to  the  prevailing  winds;  3) 
roughening  the  land  surface  by  making  a  series  of  ridges  in  the 
fields  which  trap  windblown  particles  and  reduce  the  wind  speed 
across  the  fields;  and  4)  wetting  the  fields  to  form  a  crust  on 
the  soil  resistant  to  wind  erosion. 

A  similar  set  of  recommendations  has  been  made  by 
Vandenberg  and  Knoerr  (1983).  As  yet,  neither  the  effectiveness 
of  such  measures  nor  their  direct  and  indirect  costs  are  known. 
Such  information  should  be  obtained  on  test  plots  utilizing 
local  site  specific  monitoring.  Control  technologies  for  dust 
emissions  from  roads  and  storage  piles  (e.g.  wetting  and 
screens)  should  be  evaluated. 


6.4.3.6  Effect  of  Peat  Mining  in  Restricting  Future  Industrial 
Growth 

As  new  sources  of  air  pollution  are  added  to  a  region,  the 
increments  of  allowable  air  quality  degradation  from  subsequent 
sources  will  be  reduced.  If  allowable  increments  have  been 
exhausted  by  prior  commitments,  additional  industrial 
development  would  be  precluded  if  such  development  further 
degraded  air  quality. 


the  Class  I  Area.  Both  contentions  are  speculative  until 
specific  siting  and  source  emission  parameters  are  modeled.  To 
summarize,  the  state  must  ensure  through  the  PSD  permit  process 
that  the  allowable  increments  for  pollutants  are  not  exceeded  by 
peat  mining,  transportation  or  processing  activities.  The 
extensive  modeling  and  planning  process  that  is  part  of  the  PSD 
permit  process  should,  however,  enable  the  state  to  monitor  the 
expected  emissions  and  to  require  their  control  through  the 
permit  process. 
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6.5  Sol  id  waste 

6.5.1  Approach/Assumptions 

Solid  wastes  will  be  generated  during  peat  mining 
development  as  a  by-product  of  onsite  conversion  of  peat  to 
secondary  products.  Mining  itself  will  generate  no  solid  wastes. 
In  the  scenarios  evaluated,  methanol  is  the  only  secondary 
product  of  onsite  conversion.  The  basis  for  assessing  solid 
waste  impacts  is  found  almost  entirely  in  the  Solid  Waste 
Management  Plan  prepared   by  PMA  (1983). 

According  to  this  report,  non-hazardous  and  probably 
non-hazardous  wastes  will  be  generated  at  the  rate  of  0.101 
tons/ton  (dry  weight)  of  peat  mined.  These  wastes  include 
gasifier  slag,  pelletized  gasifier  fly  dust,  clarifier  filter 
cake  solids,  bottom  and  fly  ash  from  the  boilers,  spent 
catalysts,  refuse,  dessicants,  spent  water  treatment  resins, 
gypsum  from  sulfur  dioxide  recovery,  dirt,  combined  sludge 
wastage  from  water  treatment  and  peat  solids.  Slag,  fly  dust, 
ash  clarifier  solids,  gypsum  and  sludge  are  the  main  components. 
All  will  be  disposed  of  offsite  in  sanitary  landfills. 

Hazardous  wastes  to  be  disposed  of  in  secure  offsite 
landfills  will  be  produced  at  a  rate  of  0.0019  cubic  feet/ton 
(dry  weight)  of  peat  mined.  Organic  bottom  sludges  from  product 
storage  and  bulk  plant  stock  storage  have  not  as  yet  been 
characterized  more  specifically.  In  addition,  potentially 
hazardous  by-product  oils,  produced  at  a  rate  of  0.014 
gallons/ton  (dry  weight)  of  mined  peat,  will  be  disposed  of  by 
combustion  in  the  plant  boiler. 

At  these  rates  of  production,  wastes  will  be  produced  in 
the  amounts  shown  in  Tables  6.5A  and  B.  Because  all  solid  waste 
is  to  be  directed  offsite,  outputs  from  all  areas  have  been 
pooled . 
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6.5.2  Data 


Table  6.5A:   Non-hazardous  wastes  from  peat  to  methanol 
conversion 


Seen-    Years  1-10 
ar  io 


Years  11-20 


20-Year 
Cumulat i  ve 
Total 


#1 


53,000  tons/yr     53,000  tons/yr      1.06x10   tons 


(851,000  ft^/yr)   (851,000  ft^/yr) 


(17x10^  ft-^) 


#2     135,000  tons/yr    436,000  tons/yr 
(2.17x10^  ft^/yr)   (7.0x10^  ft^^/yr) 


5.7x10   tons 
(92x10^  ft-^) 


#3      53,000  tons/yr 
(851,000  ft^/yr) 


0      0.53x10   tons 
0      (8.5x10^  ft-^) 


Note:  T 

All  figures  in  ft   are  based  on  an  assumption  of  a  bulk 
density  of  0.062  tons/ft 


Table  6 . 5B :   Hazardous  wastes  from  peat  to  methanol  conversion 

Years  11-20 


Seen-    Years  1-10 
ario 


#1  1,000  ft  /yr 
#2  2,350  ft-^/yr 
#3      1,000  ft^/yr 


1,000  ff^/yr 
8,230  ft^/yr 
0 


20-Year 
Cumulative 
Total 

20,000  ft^ 

108,000  ft"^ 

10,000  ft^ 
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6.5.3  Conclusions 

6.5.3.1  Potential  Toxicity  of  Wastes 

Non-hazardous  or  potentially  non-hazardous  solid  wastes 
will  not  present  a  toxicological  threat.  They  are  similar,  in 
part,  to  coal  combustion  ashes  but  will  generally  contain  lower 
heavy  metal  concentrations.  Leachates  of  some  ashes  and  slags 
produced  after  test  gasification  of  peat  did  not  exceed  EPA 
toxicity  criteria  for  all  heavy  metals  analyzed.  However,  the 
finer  sized  ashes  which  would  be  collected  in  cyclones  and 
electrostatic  precipitators  were  probably  not  collected  in  the 
test  gasification.  Such  particles  are  known  to  contain  higher 
concentrations  of  many  elements  (including  most  heavy  metals) 
than  slags  and  coarser  ashes,  and  the  elements  are  generally 
more  readily  leachable  because  they  are  concentrated  on  the 
particle  surfaces.  Nevertheless,  given  the  relatively  low 
concentrations  of  most  heavy  metals  in  the  source  peat, 
leachates  from  gasification  ashes  and  slags  would  not  be  likely 
to  exceed  EPA  toxicity  criteria.  However,  both  the  leachability 
of  real  process  ashes  under  realistic  conditions  and  the 
specific  charcter istics  of  proposed  landfill  sites  will  need  to 
be  evaluated. 

Wastewater  sludge  cannot  be  well  characterized  as  yet,  but 
includes  activated  sludge  from  treatment  of  organic  plant 
wastewater  and  alum  and  lime  precipitates  from  inorganic 
wastewater.  Unless  particular  toxic  compounds  from  plant 
operations  enter  the  organic  wastewater  stream,  these  wastes  are 
probably  correctly  categorized  as  "probably  non-hazardous." 

Hazardous  wastes  have  not  been  characterized,  but  if  proper 
disposal  methods  are  utilized  they  can  probably  be  handled  at 
secure  offsite  disposal  sites.  As  pointed  out  by  PMA,  the  high 
temperature  and  oxidizing  environment  of  the  gasification  stream 
is  unlikely  to  produce  significant  amounts  of  such  substances  as 
tars,  oils,  phenolics  and  polynuclear  aromatic  hydrocarbons 
which  are  the  hazardous  by-products  of  most  concern  in  many 
synfuels  and  gasification  facilities.  No  official  toxic  waste 
disposal  site  operates  in  North  Carolina,  a  limitation  to 
offsite  hazardous  waste  plans. 

6.5.3.2  Volume  of  Solid  Waste 

The  ash  content  of  peat  is  sufficient  that  very  large 
volumes  of  solid  wastes  will  be  generated  during  conversion  to 
methanol.  Even  if  the  wastes  are  not  hazardous,  disposal  offsite 
of  the  large  volumes  produced  may  prove  difficult.  Low 
topographic  relief  and  porous  sandy  soils  limit  site 
availability  for  sanitary  landfills  in  the  Coastal  Plain.  Given 
the  negative  value  and  large  bulk  of  solid  waste  material  to  be 
disposed   of,   long   distance   hauling   is   unlikely,   and   local 
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landfills  must  be  used.  The  851,000  cubic  feet  per  year  of 
non-hazardous  waste  predicted  in  Scenario  #1  probably 
approximates  the  sanitary  landfill  utilization  currently 
committed  in  the  Albemarle-Pamlico  Peninsula  area.  The  solid 
waste  volumes  anticipated  in  Scenario  #2  would  exceed  the 
Scenario  #1  volumes  by  a  factor  of  nearly  ten  during  years 
11-20. 

Washington  County  has  considered  expansion  of  the  capacity 
of  its  landfill  to  allow  for  the  accommodation  of  wastes  that 
could  potentially  be  generated  by  a  methanol  plant  such  as  that 
described  in  Scenario  #1,  Area  1  (J.  DiSarno,  Washington  County 
Manager,  personal  communication).  The  landfill  is  on  land  leased 
from  a  private  owner  and  is  operated  by  an  independent 
contractor  pursuant  to  a  county  franchise.  Thus,  the  plans  and 
desires  of  both  the  landowner  and  the  landfill  operator  must  be 
taken  into  account,  in  addition  to  the  county's  needs. 

PMA  has  proposed  that  much  of  the  non-hazardous  waste  could 
be  used  onsite  during  reclamation  to  agriculture  and  forestry. 
Ashes  and  sludges  would  have  some  value  as  soil  conditioners, 
but  such  use  of  these  materials  could  affect  water  quality  of 
runoff  and  drainage,  especially  since  the  relatively  low  pH  of 
local  soils  and  drainage  waters  is  likely  to  greatly  increase 
the  solubility  of  many  trace  elements  and  metals. 

Should  the  industry  fail  at  year  10  as  postulated  by 
Scenario  #3,  no  substantial  differences  should  occur  as  a  result 
of  uncompleted  reclamation,  disposal,  or  treatment. 
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6.6  Fire 

6.6.1  Approach/Assumptions 

Fire  data  were  obtained  from  the  North  Carolina  Forest 
Service  office  in  Fairfield,  North  Carolina.  Data  were  for  Hyde, 
Tyrrell  and  Washington  Counties  for  the  years  1970  through  1983. 
This  information  was  used  to  calculate  the  frequency  of  various 
sized  fires  and  the  sources  of  the  fires.  Fires  from  earlier 
dates  were  not  used.  Relatively  large  scale  changes  in  land  use 
and  land  cover  in  these  counties  have  taken  place  over  the  past 
20  years.  The  fire  data  from  before  this  time  would  not 
accurately  reflect  fires  controlled  by  present  land  use/land 
cover  . 


6.6. 2  Data 

Table  6.6A:   Cause  of  fire  (Hyde,  Tyrrell  and  Washington  Counties) 

Peat  Thickness  -  in  feet 


%  of 

Cause  of  Fire 

0 

1 

2 

3 

4 

5 

6 

7 

Total 

Total 

Miscellaneous 

1 

- 

- 

- 

1 

- 

- 

- 

2 

2 

Rai Iroad 

1 

- 

- 

- 

- 

- 

- 

- 

1 

1 

Machine  use 

4 

2 

- 

- 

1 

2 

- 

- 

10 

11 

Incendiary 

10 

- 

- 

- 

- 

- 

- 

- 

10 

11 

Debris  burn 

27 

6 

- 

3 

- 

1 

- 

1 

38 

44 

Smoking 

- 

1 

- 

- 

- 

- 

- 

- 

1 

1 

Lightning 

16 

5 

- 

3 

- 

2 

- 

- 

26 

30 

Total  = 

59 

14 

0 

6 

2 

5 

0 

2 

%  of  Total  = 

67 

16 

0 

7 

2 

6 

0 

2 

Total  Number  of  Fires  =  88 

Notes : 

Peat  thickness  was  obtained  by  plotting  the  Forest  Service  fire 

location  data  on  the  peat  thickness  map  for  the  three  county 

area  . 
Data  are  based  on  where  the  fires  started,  not  necessarily  on 

what  types  of  land  were  ultimately  burned. 
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Table  6 . 6B :   Size  of  fire  (Hyde,  Tyrrell  and  Washington  Counties) 

Peat  Thickness  -  in  feet 
Size  of  Fire  %  of 

(acres)  01234567    Total   Total 


5,000  + 

- 

2 

- 

- 

- 

- 

- 

- 

2 

2 

1,000-4,999 

3 

2 

- 

- 

1 

3 

- 

- 

9 

10 

300-999 

3 

- 

- 

- 

- 

- 

- 

- 

3 

3 

100-299 

9 

2 

- 

1 

- 

- 

- 

2 

14 

16 

10-99 

37 

6 

- 

4 

1 

2 

- 

- 

50 

58 

0.26-9 

5 

2 

- 

1 

- 

- 

- 

- 

8  , 

9 

0.25 

2 

- 

- 

- 

- 

- 

- 

- 

2 

2 

Total  = 

59 

14 

0 

6 

2 

5 

0 

2 

%  of  Total  = 

67 

16 

0 

7 

2 

6 

0 

2 

Total  Numbers  of  Fires 


88 


Note:  '     n 

Data  are  based  on  where  the  fires  started,  not  necessarily  on 
what  types  of  land  were  ultimately  burned. 


6.6.3  Conclusions 

1.  67%  of  the  fires  started  on  non-peat  soil. 

2.  83%  of  the  fires  started  on  either  non-peat  soil  or  on  peat 
only  one  foot  thick. 

3.  17%  of  the  fires  started  on  peat  three  feet  or  greater  in 
thickness .  -      - 

4.  69%  of  the  fires  were  less  than  100  acres  in  size. 

5.  85%  of  the  fires  were  less  than  300  acres  in  size. 

6.  15%  of  the  fires  were  larger  than  300  acres  in  size. 

7.  70%  of  the  fires  were  started  by  people. 
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8.  30%  of  the  fires  were  caused  by  lightning  strikes. 

9.  44%  of  the  fires  were  started  by  debris  burns  that  went  out 
of  control. 

10.  66%  of  the  fires  were  caused  by  some  form  of  clearing, 
farming,  or  logging  operation. 

Fires  were  concentrated  in  the  non-peat  and  shallow  peat 
soils  because  human  activity  is  concentrated  there.  Most  of  the 
peats  with  greater  than  4-foot  thicknesses  either  have  no  roads 
into  them  or  have  only  small  canal  maintenance  roads  with 
limited  access.  Most  of  the  fires  were  small  because  they  were 
either  easy  to  get  to,  easy  to  extinguish,  and/or  they  started 
in  areas  that  were  already  partially  to  completely  cleared. 

Most   of   the   large  fires  (greater  than  1,000  acres)  burned 

into   undeveloped   areas,   thus  hindering   control,   since  these 

areas   do   not   have   good  fire  breaks  (roads,  large  canals,  open 
fields)  . 

If  peat  raining  does  occur,  no  matter  which  scenario  is 
followed,  numerous  tracts  of  land,  each  up  to  several  thousand 
acres  in  size,  will  be  in  various  stages  of  site  preparation  at 
one  time.  Two  major  factors  will  control  each  tract's 
susceptibility  to  fire:  1)  the  extent  to  which  the  vegetation 
has  been  removed  and  2)  the  intensity  of  field  ditching. 

If  a  tract  is  field  ditched,  standing  surface  water  will  be 
removed  more  rapidly  and  the  ground  surface  will  stay  dry  for 
longer  periods  of  time.  If  such  a  tract  has  not  been  cleared  of 
its  natural  vegetative  cover,  the  associated  leaf  litter,  dead 
wood  and  other  surficial  debris  will  also  dry,  providing  a 
quick-burning  fuel  source.  A  fire  that  starts  in  such  an 
environment  will  be  hard  to  control.  Under  such  conditions,  the 
frequency  and  size  of  fires  may  increase. 

If  a  tract  is  subjected  to  intense  drainage  operations  and 
is  also  cleared  so  that  the  underlying  peat  soil  is  exposed  for 
drying,  the  fire  situation  should  be  different.  With  the 
vegetative  cover  eliminated,  the  source  of  a  quick-burning  fuel 
will  also  be  gone.  As  the  peat  dries  and  is  worked  by  machinery, 
it  is  possible  that  small  fires  may  occur  more  frequently.  Peat, 
even  when  sun-dried,  still  contains  a  significant  amount  of 
water;  hence  it  is  more  likely  to  smolder  and  remain  confined  to 
a  small  area  than  to  burn  with  open  flames  and  spread  rapidly. 
The  frequency  of  fires  may  increase  under  these  conditions, 
because  of  the  increased  human  activity,  but  the  size  of  the 
fires  should  stay  relatively  small. 
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If  large 
mineral  soils 
plantation : 


tracts   of   peat   are   mined   and   the  underlying 
exposed   and   planted   in  either  row  crop  or  pine 


1.  The  number  of  fires  per  unit  time  will  increase,  since 
these  newly  exposed  areas  will  be  increasingly  utilized 
by  man  -  the  major  cause  of  fire. 

2.  A  greater  number  of  small,  more  easily  controlled  fires 
will  occur. 

3.  The  larger,  less  easily  controlled  fires  will  decrease 
in  number,  since  fewer  large  blocks  of  open,  undisturbed 
land  will  remain. 


To  the  extent  that  deliberately  set  fires  are  a  substantial 
risk,  they  can  be  controlled  through  the  open-burning 
restrictions  imposed  by  G.S.  113-60.23.  All  three  of  the  study 
area  counties  are  classified  as  high-hazard  counties,  which 
means  that  before  any  fire  is  set  within  500  feet  of  a  woodland, 
a  permit  for  the  fire  must  be  obtained  from  NRCD. 
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6.7  Local  Economics  and  Employment 

6.7.1  Approach/Assumptions 

Available  information  and  data  on  long-  and  short-run 
economic  and  fiscal  and  cumulative  impacts  of  the  scenarios  were 
collected,  relying  heavily  on  data  provided  by  PMA  (1983g).  (A 
description  of  each  type  of  impact  and  means  for  analyzing  them 
may  be  found  in  Appendix  10.9.)  In  cases  where  data  were  not 
available,  reasonable  assumptions  were  made. 

Assumptions  made  for  Scenarios  #1  and  #3,  Area  1  were: 

1.  The  methanol  plant  will  employ  312  persons  once  it  is  fully 
operational . 

2.  During  plant  construction  (2.5-3  years)  1,452  different 
workers  will  be  employed. 

3.  Workers  will  commute  up  to  1.25  hours  driving  time  to  the 
plant  and  mining  sites. 

4.  Approximately  84%  of  the  operation  and  construction  workers 
will  be  local  (within  commuting  distance). 

5.  Approximately  16%  of  the  workers  will  migrate  into 
Washington  and  Chowan  Counties. 

6.  Family  size  for  operation  workers  will  average  3.4  people, 
including  100  children. 

7.  The  number  of  new  residents  per  100  construction  workers 
will  average  228,  including  79  children  (many  workers  do 
not  bring  their  families  with  them). 

Assumptions  made  for  Scenario  #2,  Areas  1  and  3: 

1.  Capacity-employment  ratio  for  the  expanded  methanol  plants 
is  equal  to  the  ratio  assumed  in  Scenario  #1. 

The  status  of  population,  employment,  income  and  the 
availability  of  public  services  in  the  study  area  under  the  no 
change  alternative  (present  condition)  has  been  documented  by 
PMA  (1983g)  and  is  briefly  described  in  section  4.2. 
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6.7.2  Data 

Table  6.7A:  Scenario  #1,  Area  1 —  Long-run  direct  impacts  of 
525,000  (dry)  ton  methanol  plant 

Item  10-County  Area 

Total  employment  312 

Local  262 

Migrants  50 

New  residents  170 

New  school  students  50-100 

2 
Increase  in  retail  sales  $500,000 


Notes: 

1.  Assumes  family  size  of  3.4  (3.4  x  50  =  170) 

2.  Assumes  retail  sales  of  $2,900  per  year  per  person 
Source:  PMA,  1983g 

Table  6.7B:  Scenario  #1,  Area  1 —  Long-run  direct  plus  indirect 
impacts  of  525,000  (dry)  ton  methanol  plant 

Item  10-County  Area 

Mine  employment  312 

New  services  employment  172 

Total  new  employment  484 

2 
Migrants  77 

New  residents  262 

4 
New  students  -  -"^-  77 

Notes  : 

1.  The  employment  multiplier  (1.55)  includes  base  employment 
(1.0)  and  new  services  employment  (0.55).  Thus  new 
services  employment  equals  172  (312  x  (1.55  -  1.00)). 

2.  The  PMA  study  concluded  that  16%  of  the  operating  labor  would 
not  be  available  locally  and  would  migrate  into  the  area 
(50/312  =  .16).  If  the  same  ratio  is  used  here,  the  estimate 
of  migrants  is  77.  However,  more  service  industry  workers 
than  construction  workers  would  probably  be  available  locally. 

3.  Assumes  family  size  of  3.4  (3.4  x  77  =262) 

4.  Assumes  100  students  per  100  operations  workers 
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Total 

Peak 

Employment 

1,452 

1,169 

1,054 

832 

398 

337 

NA-*- 

768^ 

NA"*" 

266^ 

Table  6 . 7C :  Scenario  #1,  Area  1-  Short-run  impacts  of  525,000 
(dry)  ton  methanol  plant 

Item  10-County  Area 


Total  employment 
Local 
Migrants 

New  residents 

Children 

Notes  : 

1.  Not  available 

2.  From  PMA,  1983g  (p.  45) —  228  residents  per  100  workers 

3.  PMA,  1983g  (pp.  45,  46)  -  79  children  per  100  workers 
Source : 

PMA,  1983g 

Table  6.7D:  Scenario  #2,  Areas  1  &  3 —  Long-run  direct  plus 
indirect  impacts  of  methanol  plants  processing 
4.1  million  (dry)  tons  of  peat 

Item  10-County  Area 

Mine  employment  2,449 

2 

New  services  employment  1,347 

Total  new  employment  3,796 

Migrants  3,389 

4 
New  residents  11,523 

New  students  3,389^ 

Notes: 

1.  Scenario  #2  assumes  an  expansion  of  plant  capacity  to  4.1 
million  tons,  an  increase  of  7.85.  If  the  capacity- 
employment  ratio  remains  constant,  basic  employment 

in  Scenario  #2  will  be  2,449.  ((7.85)312  =2,449). 

2.  Assumes  an  employment  multiplier  of  1.55 

3.  In  Table  6.7B,  new  employment  of  484  leads  to  immigration  of 

77,  with  407  available  locally.  Assuming  the  smaller 
facility  employees  are  those  available  locally,  the  larger 
facilities  must  rely  solely  on  migrants.  Thus  Scenario  #2 
would  lead  to  immigration  of  3,389  workers  (3,796  -  407) 

4.  Assumes  family  size  of  3.4 

5.  Assumes  100  children  per  100  workers. 
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Table  6.7E; 


Scenario 


Scenarios  #1  and  #2,  Areas  1,  2  and  4 —  Estimated 
employment  for  horticultural  peat  and  peat  for  fuel* 


Area 


Operation 


Capacity  (dry) 


Employment 

At  Years 
10    20 


#1 
#1 


Total  Scenario  #1 


#2 


#2 


#2 


Horticultural    25,000  tons/yr 
Peat  for  fuel   140,000  tons/yr 


Horticultural 


Peat  for  fuel 


Peat  for  fuel 


Total  Scenario  #2 


50,000  tons/yr 

(at  10) 
151,000  tons/yr 

(at  20) 
368,000  tons/yr 

(at  10) 

1.1  million  tons/ 
yr  (at  20) 

432,000  tons/yr 
(at  10) 

1.2  million  tons/ 
yr  (at  20) 


6 

33 

39 
12 


6 

33 

39 
36 


86   258 


101   281 


199   575 


Notes  : 

Estimates  of  employment  in  peat  for  fuel  operations  are  based 

on  PMA  estimates  of  117  harvesting  employees  per  500,000  (dry) 

tons/year.  Assumption  was  made  that  employees  per  ton 

harvested  is  constant. 
Estimates  of  employment  in  horticultural  operations  based  on 

personal  communication  from  Haul  Reddick,  Peat  Fuels,  Inc. 

*  Assumes  no  construction  or  processing  on  site,  except  bagging 
of  horticultural  peat. 
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6.7.3  Conclusions 

6.7.3.1  Peat  for  Methanol 

6.7.3.1,1  Scenario  #1,  Area  1 

6.7.3.1.1.1  Long-run  Impacts 

6.7.3.1.1.1.1  Economic  Impacts 

Of  the  312  employees  expected  to  be  employed  at  the 
methanol  plant  (Area  1,  Scenario  #1)  when  it  becomes  fully 
operational,  approximately  50  will  be  non-local.  Assuming  a 
family  size  of  3.4,  a  total  of  170  people  will  thus  migrate  into 
the  study  area.  Of  these,  50-100  will  be  children.  Also, 
assuming  each  generates  an  average  sales  volume  of  $2,900  per 
year  (retail  sales  volume  per  capita  in  Washington  and  Chowan 
Counties,  1980),  these  new  residents  will  stimulate  local 
businesses  by  $500,000  per  year  (Table  6.7A).  It  should  be  noted 
that  use  of  $2,900  per  person  per  year  (PMA,  1983g)  assumes 
families  will  contribute,  on  average,  $9,860  per  year  to  retail 
sales.  This  may  be  high  considering  the  current  wage  levels  in 
the  area  (see  Table  4C)  and  wage  levels  expected  for  migrating 
workers . 

In  addition,  the  migration  described  above  will  lead  to 
indirect  effects,  because  the  $500,000  that  new  families  will 
spend  will  generate  demand  for  new  businesses,  services  and 
jobs.  Assuming  an  employment  multiplier  of  1.55,  the  increase  in 
basic  employment  of  312  would  lead  to  an  increase  of  172  jobs  in 
the  service  sector,  giving  total  direct  plus  indirect  employment 
of  484  persons  in  the  long  run  from  constructing  and  operating 
the  methanol  plant.  Assuming  the  same  proportion  of  workers 
would  be  migrating  as  was  estimated  for  direct  employment 
(50/312=0.16),  the  number  of  migrants  needed  to  fill  these 
service  sector  positions  is  estimated  to  be  77.  However,  this  is 
likely  an  overestimate  of  immigration,  because  service 
industries  are  more  apt  to  increase  the  labor  participation  rate 
in  the  locality  and  also  to  have  less  stringent  skill 
requirements  than  does  basic  employment  at  the  mining  facility. 
The  number  of  new  residents  employed  indirectly  resulting  from 
the  methanol  plant  is  therefore  estimated  to  be  262.  The  number 
of  new  students  is  estimated  to  be  77  (Table  6.7B)  . 


6.7.3.1.1.1.2  Fiscal  Impacts 

Net  revenues  to  local  governments  may  exceed  the  costs  of 
services  and  facilities  demanded  by  new  residents.  On  the  other 
hand,  two  types  of  developmental  problems  may  confront  local 
governments  in  the  impacted  area.  First,  long-run  fiscal 
problems  may  arise  in  cases  where  a  local  government  must 
provide   expanded   services   and   facilities  but  is  unable  to  tax 
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the  new  plant.  This  is  a  spillover  problem  where  new  residents 
locate  outside  the  political  boundaries  of  the  local  governments 
that  have  the  power  to  tax  the  plant.  Second,  even  if  long-run 
benefits  were  to  exceed  costs,  front-end  or  short-run  fiscal 
problems  may  arise  where  revenues  generated  lag  cost  incidence. 
For  example,  local  government  may  need  to  increase  the  local 
school  budget  immediately  upon  arrival  of  new  residents,  whereas 
tax  revenues  generated  by  those  residents  or  from  the  plant 
itself  will  be  lagged  several  years  beyond  that  time.  A 
short-run  cash  flow  problem  will  thus  arise. 

Fiscal  impacts  will  vary  by  county  and  city  in  the 
10-county  area  surrounding  the  plant.  Taxes  of  several 
categories  will  be  contributed  by  the  peat  mining  facilitiy: 
business  property  taxes;  unemployment  taxes;  intangible  property 
taxes;  inventory  taxes;  corporate  franchise  taxes;  sales  and  use 
taxes;  and  income  taxes  on  wages  and  proprietary  incomes. 
However,  the  distribution  of  these  local  and  state  revenues  to 
individuals  and  counties  will  vary  greatly.  For  example, 
Washington  County  will  receive  the  bulk  of  the  property  taxes, 
estimated  at  $900,000  per  year  (PMA,  1983g) .  Municipalities  and 
other  counties  may  receive  little.  Many  of  the  tax  categories 
are  paid  directly  to  the  state.  How  and  to  what  extent  they  are 
distributed  to  impacted  counties  and  municipalities  will 
partially  determine  whether  net  fiscal  impacts  are  positive  or 
negative  . 

Demands  placed  on  local  governments  by  new  residents  will 
vary  in  similar  fashion.  Chowan  and  Washington  Counties  will 
receive  most  of  the  influx  of  new  residents.  Yet,  Washington 
County  will  likely  receive  the  largest  share  of  revenue 
generated  by  the  facility.  Chowan  County,  and  particularly  the 
City  of  Edenton  where  many  new  residents  will  probably  reside, 
will  receive  much  less. 

The  increased  number  of  students  may  require  an  additional 
school,  especially  if  the  influx  of  students  is  concentrated  in 
only  two  areas,  Washington  and  Chowan  Counties.  Further,  even  if 
facilities  are  adequate,  several  new  teachers  will  likely  need 
to  be  hired,  and  each  new  pupil  will  need  to  be  supported.  In 
1980-81,  school  expenditures  per  pupil  across  the  state  averaged 
$1,944.31,  including  salaries,  while  in  the  10-county  impact 
area,  the  average  expenditure  per  pupil  was  $2,103.96  (North 
Carolina  Board  of  Education,  1982).  Based  upon  these  averages, 
the  cost  side  of  the  fiscal  impact  of  50-100  new  students  is  in 
the  order  of  $105,198-  $210,396.  Of  course,  not  all  of  these 
funds  must  be  generated  locally  through  increased  taxes  since 
the  source  of  school  funds  in  North  Carolina  in  1980-81  averaged 
63%  state,  19%  federal  and  18%  local.  Nevertheless,  the  local 
fiscal  impact  may  be  a  problem  because  of  the  lag  before 
receiving  the  state  and  federal  portions  of  the  money.  The 
distribution  of  these  impacts  will  also  vary  between  areas. 
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Finally,  new  residents  immigrating  from  other  areas  may  be 
accustomed  to  a  higher  level  of  services  than  currently  exists 
in  the  study  area  so  that,  in  the  long  run,  costs  may  be 
incurred  to  raise  the  level  of  services. 

Unequal  distribution  may  lead  to  increased  taxes  in  some 
areas  while  at  the  same  time  providing  surpluses  in  others. 
Cities  may  not  fare  well  fiscally,  because  they  can  be  expected 
to  bear  a  large  proportion  of  the  demand  for  new  services  and 
facilities,  yet  receive  little  property  tax  revenue  because  the 
mine  lies  outside  of  their  taxing  jurisdiction.  A  more  detailed 
statement  concerning  school  costs  and  the  levels  and 
distribution  of  other  fiscal  impacts  requires  more  data  than 
were  available  for  this  study.  To  provide  additional  assistance 
to  the  affected  counties,  the  severance  tax  discussed  in  section 
4.3.3.3  could  be  made  a  state  severance  tax  with  some  of  the 
funds  being  returned  to  the  counties  where  the  mining  is 
conducted  and  to  cities  and  counties  in  the  area  as  impacted 
area  aid  funds,  the  distribution  being  made  on  the  basis  of 
demonstrated  need. 

There  is  also  a  concern  that  the  peat  mining  facility  may 
adversely  affect  the  commercial  fishery  and  recreation/ tour  ism 
industries.  As  noted  in  section  4.2.4,  the  catch  from  commercial 
fishing  in  Hyde,  Tyrrell  and  Washington  Counties  was  valued  at 
$4.5  million  in  1980.  In  1982,  travel  and  tourism  expenditures 
were  estimated  at  $11,032,000  in  Hyde  County,  $138,000  in 
Tyrrell  County,  and  $748,000  in  Washington  County  (M.  Dodd , 
Travel  and  Tourism  Division,  North  Carolina  Department  of 
Commerce,  personal  communication). 

To  the  extent  that  peat  mining  damages  the  fishery  and 
reduces  commercial  catch  or  the  attractiveness  of  the  area  for 
recreation  and  tourism,  these  economic  values  will  decline. 
Whether,  or  the  extent  to  which  this  may  occur,  however,  is 
difficult  to  estimate  without  further  research. 


6.7.3.1.1.2  Short-run  Impacts 

5.7.3.1.1.2.1  Economic  Impacts 

Short-run  impacts  of  the  methanol  plant  may  be  great, 
because  the  number  of  construction  workers  will  exceed  permanent 
employment  after  the  plant  becomes  operational.  The  number  of 
employees  will  peak  during  the  middle  of  the  construction 
period,  while  tax  revenues  will  peak  after  the  plant  becomes 
operational . 
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During  the  peak  construction  period,  the  total  number  of 
new  residents  is  estimated  at  768,  including  256  children  (Table 
6  .  7C  )  . 


6.7.3.1.1.2.2  Fiscal  Impacts 

Property  taxes  will  be  assessed  the  facility  based  upon 
percent  of  construction  completed  on  January  1  of  each  year. 
Yet,  the  impact  of  population  increase  will  be  more  immediate. 
For  example,  upon  the  arrival  of  a  new  worker  with  a  family,  new 
school  students  will  be  sent  to  class  if  it  is  during  the  school 
year.  The  taxing  jurisdiction,  however,  will  not  receive  the  tax 
revenues  until  perhaps  one  to  two  years  later,  depending  on  the 
rate  at  which  construction  proceeds.  For  those  tax  or  aid 
categories  where  the  state  or  federal  government  returns  a 
portion  of  revenue  collected  to  the  local  area  or  otherwise 
shares  revenue,  the  lag  may  be  even  greater.  Often,  the 
distribution  of  these  funds  is  based  upon  census  population,  and 
any  adjustments  require  waiting  for  another  census.  Although 
school  aid  is  based  upon  the  current  year's  enrollment, 
short-run  increases  in  population  are  often  missed  by  these 
formulas  and  produce  the  revenue  lag  described. 

In  the  short  run,  sufficient  excess  public  service  capacity 
probably  exists  in  the  area.  Thus  large,  new  expenditures  for 
many  public  services  would  not  appear  to  be  likely.  However, 
operating  budgets  for  some  services  will  increase  while  capital 
expenditures  may  need  to  be  speeded  up  for  others.  School 
budgets  will  need  to  be  larger  even  though  facilities  may  be 
adequate.  Improvement  and  expansion  of  sewer  and  solid  waste 
disposal  facilities  may  require  added  funds  in  some  localities 
(PMA,  1983g)  . 

As  with  the  long-run  impact,  the  distribution  of  costs  and 
benefits  will  vary  with  some  areas  experiencing  revenue 
shortfalls  and  others  experiencing  surpluses. 


6.7.3.1.2  Scenario  #2,  Areas  1  and  3  2^- 

6.7.3.1.2.1  Long-run  Impacts 

5.7.3.1.2.1.1  Economic  Impacts 

The  larger-scale  methanol  plants  in  this  scenario  were 
assumed  to  have  the  same  capacity-employment  ratio  as  the  plant 
in  Scenario  #1.  Thus,  since  Scenario  #2  output  is  7.85  times 
(4,120,721  dry  tons/525,000  dry  tons  =  7.85)  larger,  basic  mine 
employment  is  also  assumed  to  be  7.85  times  larger,  or  2,449 
persons  (Table  6.7D). 

Assuming  the  smaller  facility  attracts  the  labor  that  is 
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Assuming  the  smaller  facility  attracts  the  labor  that  is 
available  locally,  additional  employment  for  larger  facilities 
must  come  from  immigration.  Thus  the  migrant,  new  residents  and 
new  student  impacts  will  be  larger  both  absolutely  and 
proportionately  under  Scenario  #2  than  under  Scenario  #1.  The 
direct  plus  indirect  employment  impact  is  estimated  at  3,796 
compared  to  484  under  Scenario  #1.  Immigrants  increase  from  77 
to  3,389.  Although  data  are  not  available,  income  effects  will 
likely  dwarf  the  impact  of  Scenario  #1  because  of  the  large 
increase  in  employment  that  will  provide  income  to  mine  workers 
and  service  industry  personnel. 

6.7.3.1.2.1.2  Fiscal  Impacts 

Although  no  quantitative  information  is  available  regarding 
the  fiscal  impacts  upon  the  10-county  area  under  Scenario  #2, 
potential  for  the  same  types  of  problems  exists  as  for  Scenario 
#1.  These  fiscal  impacts  may  be  expected  to  be  magnified  in 
Scenario  #2.  For  example,  the  distribution  of  local  governmental 
costs  and  revenues  will  likely  be  unequal.  New  residents  will 
probably  live  outside  of  areas  able  to  tax  the  facilities, 
leading  to  long-run  fiscal  surpluses  in  some  counties  and/or 
cities  and  fiscal  deficits  in  others.  The  magnitude  of  each  will 
greatly  exceed  those  of  Scenario  #1  because  of  the  very  large 
increase  in  immigration.  Since  some  of  the  sources  of  tax 
revenue  are  paid  to  the  state,  the  level  of  deficit  or  surplus 
will  depend  upon  whether  and  to  what  extent  tax  revenues  are 
distributed  to  impacted  counties.  Under  Scenario  #2,  the  role  of 
state  severance  taxes  could  take  on  increased  importance  because 
of  the  magnitude  and  possibly  more  widespread  nature  of  the 
fiscal  impacts. 

While  an  adequate  supply  of  public  services  and  facilites 
will  probably  be  available  to  meet  the  needs  of  migrants  under 
Scenario  #1,  it  is  unlikely  that  this  will  be  the  case  under 
Scenario  #2.  Table  6.7D  shows  the  large  increase  in  overall 
population  that  will  be  generated,  and  few  cities  or  counties 
could  provide  needed  services  and  facilites  for  migrants  without 
expanding  those  capabilities.  Overall,  there  will  be  a  need  to 
invest  more  public  funds  to  meet  these  demands.  However,  the 
level  of  demand  in  a  specific  county  or  city  will  depend  upon 
the  location  decisions  of  the  new  residents  and,  once  again, 
points  out  the  distributional  aspects  of  the  issue.  Even  with 
large  population  increases  and  increased  public  investment  in 
services  and  facilities,  local  governments  receiving  a  large 
proportion  of  the  tax  revenues  may  still  have  surpluses. 

On  the  other  hand,  the  potential  for  large  fiscal  deficits 
is  greater  under  Scenario  #2.  For  example,  using  school 
expenditures  data  presented  earlier,  if  average  expenditure  per 
pupil  equalled  the  1980-81  average  in  the  study  area,  the 
increased  enrollment  of  3,389  students  will  require  increased 
school  expenditures  of  $7,130,000.  Of  this,  about  20%  must  be 
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raised  locally.  New  residents  will  likely  concentrate  the  demand 
for  additional  school  services  in  relatively  few  areas.  If  those 
areas  are  not  receiving  a  large  share  of  the  tax  revenues 
generated,  deficits  may  result. 

6.7.3.1.2.2  Short-run  Impacts 

6.7.3.1.2.2.1  Economic  Impacts 

If  methanol  production  capacity  is  expanded  by  a  factor  of 
7  or  8,  the  short-run  impact  will  depend  upon  how  the  expansion 
is  accomplished.  If  the  plants  are  built  or  expanded  in  stages, 
the  short-run  impact  noted  for  Scenario  #1  may  merely  continue 
for  a  longer  period  of  time.  In  this  case,  construction  workers 
will  finish  one  stage  before  moving  on  to  another.  Depending 
upon  the  number  of  stages,  this  may  result  in  a  "short-run 
impact"  of  10-15  years  duration  if  each  stage  were  to  take  2.5-3 
years,  as  for  Scenario  #1.  If  plant  capacity  expansion  is  not 
staged,  the  short-run  impact  may  be  large,  because  the  number  of 
construction  workers  is  so  great.  Since  no  information  is 
available  on  how  larger  plants  would  be  constructed,  few 
quantitative  comments  can  be  made  on  the  short-run  impacts  of 
Scenario  #2. 

6.7.3.1.2.2.2  Fiscal  Impacts 

If  expansion  of  plant  capacity  is  staged  and  does  not 
require  more  construction  workers  than  did  Scenario  #1,  the 
short-run  fiscal  impact  will  resemble  that  of  Scenario  #1,  as 
noted  in  Table  6.7C.  If  it  is  not  staged,  the  potential 
short-run  fiscal  impact  will  be  greater,  because  the  influx  of 
new  residents  will  be  greater.  In  this  case,  public  service  and 
facility  capacity  will  likely  be  exceeded,  and  short-run  impacts 
will  be  greater,  just  as  was  the  case  in  the  long-run. 

The  distribution  of  costs  and  revenues  among  alternative 
local  governments  will  again  be  important. 

6.7.3.1.2.2.3  Cumulative  Impacts 

The  expansion  of  peat  mining  activity  from  the  level 
indicated  in  Scenario  #1  to  that  of  Scenario  #2  will  attract    .^ 
other  related  industries  and  enterprises  that  will  magnify  the 
impacts  of  the  mining  activity  itself.  In  addition,  the 
potential  for  related  industries  locating  in  the  area  will  be 
greater  than  in  Scenario  #1,  because  of  the  greater  methanol 
output  and  the  larger  number  of  people  immigrating  into  the 
area.  In  this  case,  employment  and  income  multipliers  will  be   j 
greater,  as  will  fiscal  impacts. 
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6.7.3.1.3  Scenario  #3,  Area  1 

The  socioeconomic  impact  of  industry  failure  upon  cities 
and  counties  will  depend  upon  the  level  of  development  that  had 
occurred  (i.  e.,  the  level  of  employment  and  income  that  had 
been  generated)  and  the  extent  of  excess  capacity  built  by  local 
government  (schools,  waste  disposal,  etc.).  Unemployment  will  be 
created  proportional  to  the  increase  in  employment  generated  by 
operation  of  the  peat  mining  facility.  Income  will  be  lost  by 
unemployed  mine  workers  (direct  effect)  and  by  workers  and 
businesses  serving  the  basic  mining  industry  (indirect  effect). 
Fixed  facilities  constructed  will  be  unused  unless  other 
economic  activities  replace  demand  lost  with  the  mining 
facility.  This  includes  housing,  businesses  and  public 
facilities.  Social  impacts  will  be  similar  to  effects  in  other 
areas  in  recent  years,  where  workers  are  unemployed  and  family 
conditions  suffer. 

The  extent  of  the  fiscal  impact  will  depend  upon  the  extent 
to  which  local  government  has  expanded  the  services  it  provides. 
Excess  capacity  and  high  costs  of  government  may  result  if 
service  construction  programs  have  been  accelerated.  Other 
services,  such  as  the  number  of  school  teachers,  can  be  reduced, 
but  this  will  lead  to  higher  unemployment  and  related  costs.  Tax 
revenues  will  fall,  but  costs  of  operating  local  government  will 
also  decrease.  Since  many  services  of  local  government  cannot  be 
proportionally  adjusted  downward  once  provided  (e.  g.,  a 
wastewater  treatment  plant  or  school),  and  since  many  are  funded 
by  long-term  debt,  the  reduction  in  tax  revenues  will  be  greater 
than  the  reduction  in  costs  of  local  government.  If  this  does 
occur,  the  costs  of  operating  local  government  will  rise  unless 
offset  in  some  other  manner.  Property  taxes  will  rise 
accordingly. 


6.7.3.2  Peat  for  Fuel  and  Horticultural  Peat 

The  fiscal  impacts  noted  earlier  in  section  6.7.3.1  will  be 
magnified  to  the  extent  new  migrants  are  employed  for  harvesting 
and  processing  horticultural  peat  and  peat  for  fuel.  The  earlier 
discussion  of  these  impacts  is  applicable  here.  Insufficient 
information  is  available  to  estimate  short-run  and  long-run 
economic  impacts  of  horticultural  peat  and  peat  for  fuel 
operations,  as  was  done  for  the  peat  for  methanol  facility. 
However,  direct  employment  is  estimated  as  shown  in  Table  6.7E 
for  Scenario  #1  (Areas  1,  2)  and  Scenario  #2  (Areas  1,  2,  4)  at 
years  10  and  20.  These  numbers  are  equivalent  to  long-run 
impacts  because  of  the  time  frame  they  cover. 

For  Scenario  #1,  Areas  1  and  2,  total  base  employment  is 
estimated  at  39  for  each  of  the  years.  Assuming  an  employment 
multiplier  of  1.55  as  before,  new  services  employment  may  be 
expected  to  increase  by  22  (0.55  x  39)  for  a  total  direct  plus 
indirect  employmoat  impact  of  61  (22  +  39).  If  16%  migrate- into 
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the  area,  10  new  migrant  workers  will  arrive  and,  assuming  a 
family  size  of  3.4,  will  increase  population  in  the  study  area 
by  34.  The  number  of  new  students  will  increase  by  about  ten.  At 
$2,900  average  retail  sales  per  person,  retail  sales  will 
increase  by  about  $98,000  per  year. 

Using  the  same  procedures  for  Scenario  #2,  Areas  1,  2  and 
4,  new  services  employment  at  year  10  is  estimated  to  be  110 
(199  X  0.55)  for  a  total  direct  plus  indirect  employment 
increase  of  309.  If  16%  of  the  workers  (50)  migrate  into  the 
area  and  family  size  is  3.4,  population  will  increase  by  170, 
and  the  number  of  students  will  increase  by  about  50.  Retail 
sales  will  increase  by  $493,000.  At  year  20  the  increases  are: 
direct  employment,  575;  direct  plus  new  services  employment, 
892;  migration  of  workers,  143;  population,  487;  students,  143; 
and  retail  sales,  $1,400,000. 
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7.  EVALUATION  PROCESS 

7.1  Estuarine  Impacts 

7.1.1  Statement  of  the  Problem 

7.1.1.1  Introductory  Section 

Large-scale  peat  mining  and  related  land  conversion 
activities  (reclamation)  as  described  in  the  upper  boundary 
scenario  (#2)  (see  section  5.2.3)  have  the  potential  to 
substantially  alter  primary  nursery  areas  if  mining  takes  place 
adjacent  to  estuaries.  While  this  project  has  considered  the 
cumulative  impacts  of  three  alternative  peat  mining  development 
scenarios,  the  effects  of  other  forms  of  land  conversion  of 
peatlands  (e.g.,  to  agriculture  and  forestry)  on  estuarine 
systems  are  similar  in  many  respects.  For  this  reason,  the 
following  discussion  is  focussed  on  the  impacts  on  estuarine 
systems  peripheral  to  the  Albemarle-Pamlico  Peninsula  of  land 
conversion  activities  in  general.  Changes  in  salinity  regimes, 
nutrient  loading,  suspended  solids,  sedimentation,  trace 
element,  pesticide  and  coliform  bacteria  levels,  and 
interactions  among  these  factors  are  believed  to  be  the  most 
significant  potential  estuarine  impacts  from  land  conversions. 
The  processes  by  which  these  impacts  are  effected  and  the 
interrelationships  among  them  are  poorly  understood.  Decision 
makers  are  therefore  required  to  act  without  an  adequate  data 
base  and  with  considerable  risk. 


7.1.1.2  Land  Conversions 

Drainage  pattern  alteration  on  the  Albemarle-Pamlico 
Peninsula  for  agricultural  and  si Ivicultural  purposes  is 
discussed  in  section  4.1.2.5.  According  to  McMullan  (1984), 
approximately  12.4%  of  the  peninsula's  land  area  had  been 
cleared  prior  to  the  1940s.  By  1963,  1974  and  1981,  18.5%,  26.2% 
and  29.6%,  respectively,  of  the  land  area  had  been  cleared. 
Large-scale  peat  mining  and  related  reclamation  activities  would 
obviously  continue  and  accelerate  this  process  of  land 
conversion  on  the  peninsula  (see  section  6.3). 

7.1.1.3  Salinity 

Although  overall  salinities  in  Pamlico  Sound  would  probably 
not  be  significantly  affected  by  runoff  from  large-scale  land 
conversion  on  the  Albemarle-Pamlico  Peninsula  since  it 
contributes  only  about  6-8%  of  the  total  freshwater  inflow,  a 
more  dramatic  effect  may  occur  in  the  smaller  streams  and  bays 
linking  the  peninsula  and  Pamlico  Sound.  Many  of  these  small 
tidal  creeks  have  been  identified  by  the  North  Carolina  Division 
of  Marine  Fisheries  as  "primary  nursery  areas",  the  most 
productive  and  sensitive  of  the  state's  nursery  grounds  for 
economically   important   species   of   fish   and   shellfish.  These 
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primary   nursery   areas   are  characterized  by  soft  mud  sediments, 

proximity   to   regularly   or  irregularly   flooded   marshes,   and 

salinities   ranging   from   5  to  15  parts  per  thousand  (ppt)  (Pate 
and  Jones,  1981)  . 


Studies  conducted  by  Pate  and  Jones  (1981)  of  primary 
nursery  areas  receiving  heavy,  moderate  and  no  upland  drainage 
through  man-made  canals  indicated  that  salinities  at  the 
unaltered  sites  were  more  stable  during  periods  of  high  runoff 
than  those  recorded  at  two  sites  receiving  drainage  waters 
through  ditches.  Their  research  raised  the  possibility  that 
production  of  brown  shrimp  and  other  commercially  important  fish 
may  be  adversely  affected  by  freshwater  "pulsing"  via  drainage 
canals  into  primary  nursery  areas  during  and  following  storm 
events . 


7.1.1.4  Nutrient  Loading 

All  North  Carolina  estuaries  can  support  enhanced  algal 
growth  in  response  to  accelerated  nutrient  (both  nitrogen  and 
phosphorus)  loading  (Stanley  and  Hobbie,  1977;  Kuenzler  et  al . , 
1979,  1982;  Paerl,  1982,  1983;  Paerl  et  al.,  1984).  The  worst 
manifestations  of  growth  enhancement  are  blooms  of  blue-green 
algae  which  are  restricted  to  freshwater  or  oligohaline  (less 
than  2  ppt  salinity)  habitats.  Nutrient  loadings  projected  for 
the  upper  boundary  scenario  (#2)  (see  section  6.2.1.2)  appear  to 
be  sufficient  to  support  blooms  in  these  upper  estuarine  waters. 
If  so,  salinity  would  limit  the  areal  extent  of  blue-green  algal 
bloom  conditions.  The  offshore  extent  of  such  conditions  is 
currently  unknown. 

Virtually  nothing  is  known  about  marine  bloom  "analog"  taxa 
which  could  develop  in  higher  salinity  (in  excess  of  2-5  ppt) 
estuarine  waters  (Paerl  et  al . ,  1984). 

Recent  research  has  illustrated  the  negative  impacts  of 
blue-green  algal  biomass  on  herbivorous  consumers  (zooplankton) . 
Assimilation  and  trophic  transfer  of  such  biomass  are  greatly 
reduced  in  comparison  to  non-blue-green  algal  food  sources 
(Fulton  and  Paerl,  in  prep).  In  the  event  of  documented  bloom 
potentials  and  events,  food  chain  alterations  may  therefore  be 
expected  in  receiving  estuarine  waters.  This  research  is  of 
long-term  relevance  with  respect  to  economic  (fisheries)  impacts 
in  the  Albemarle-Pamlico  Sound  systems. 

7.1.1.5  Physical  Stratification  Impacts  on  Water  Quality  • 

Current  research  efforts  into  the  causes  and  proliferation 
of  nuisance  blue-green  algal  blooms  in  the  Chowan  and  Neuse 
River  systems  have  strongly  linked  vertical  stratification 
characteristics  to  bloom  potentials.  The  chief  reason  for  this 
direct   relationship  is  the  habitat  preferences  of  nuisance  taxa. 
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All  nuisance  blue-green  algal  taxa,  including  Microcystis , 
Anabaena  and  Aphanizomenon ,  have  the  ability  to  become  buoyant 
"during  stagnant  periods  when  the  water  column  is  vertically 
stratified  (either  due  to  thermal  or  salinity  stratification). 
Buoyancy  is  a  response  which,  from  an  ecological  standpoint, 
greatly  favors  the  growth  of  blue-green  taxa  over  more  desirable 
(non-buoyant)  algal  groups,  such  as  diatoms,  green  algae  and 
flagellates.  During  stratified  periods  blue-green  algae  can 
float  to  the  surface,  thereby  capturing  optimal  amounts  of 
sunlight  for  photosynthet ic  production  and  net  growth,  while 
shading  underlying  algae. 

It  is  not  presently  known  whether  such  stratification 
potentials  exist,  and,  if  so,  what  their  duration  and 
seasonality  are. 

7.1.1.6  Suspended  Solids  and  Sedimentation 

Because  the  peninsula  has  very  little  relief,  erosion  is 
not  a  significant  problem.  Development  of  peatlands  causes  a 
slight  increase  in  sediment  loads  in  drainage  waters, 
particularly  during  land  clearing,  buried  wood  removal  and  field 
shaping.  Thus,  disturbance  caused  by  peat  mining  may  be  expected 
to  increase  sediment  loads  in  drainage  canals  unless  settling 
ponds  or  other  measures  to  remove  suspended  sediment  from 
drainage  waters  are  utilized.  Once  initial  development 
activities  are  completed,  erosion  and  turbidity  during  normal 
agricultural  production  are  not  likely  to  cause  water  quality 
problems  (Skaggs  et  al.,  1980). 

The  normal  hydrology  of  North  Carolina  estuaries  causes 
them  to  function  as  sediment  and  nutrient  traps.  Increasing 
salinity  down  the  estuary  neutralizes  the  electrical  charges  on 
colloidal  organic  and  clay  particles,  resulting  in  flocculation 
and  sedimentation.  The  sediments  are  usually  soft,  organic-rich 
muds  which  constitute  a  huge  sink  for  oxygen  in  the  overlying 
water.  Most  of  the  sediment  is  mineral  matter,  silts  and  clays 
from  the  Piedmont  as  well  as  from  local  areas  of  the  Coastal 
Plain.  The  remainder  is  organic  matter,  some  relatively 
resistant  material  of  terrestrial  origin  and  some  more  labile 
material  originating  from  phytoplankton  (Matson  et  al.,  1983). 
Microbial  activity  in  the  sediments  and  chemical  transformations 
release  ammonium  and  phosphate  to  the  bottom  water,  some  of 
which  moves  upstream,  thus  recycling  the  nutrients  to  the 
phytoplankton  and  resulting  in  high  levels  of  productivity 
(Stanley  and  Hobbie,  1977;  Kuenzler  et  al.,  1979;  Kuenzler  et 
al.,  1982;  Paerl,  1982,  1983).  High  levels  of  summertime 
production  which  occur  in  the  middle  reaches  of  Pamlico  River 
(Kuenzler  et  al.,  1979)  have  not  been  considered  noxious. 
Similar  or  higher  productivities  in  fresher  parts  of  the  Chowan 
and  Neuse  Rivers,  however,  have  included  blooms  of  blue-green 
algae   which   are   not  only  noxious  but  may  also  adversely  affect 
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fisheries   (Stanley   and   Hobbie,   1977;   Kuenzler 
Paerl,  1982,  1983;  Copeland  et  al . ,  1983). 


et  al.,  1982; 


As  a  result  of  soil  disturbance  and  diversions  and 
alterations  of  surface  and  subsurface  runoff  during  land 
conversion  activities,  changes  in  the  humic  and  fulvic  acid 
content  of  receiving  waters  may  occur.  Humic  and  fulvic  acids 
impact  both  the  transparency  and  chemical  characteristics  (pH, 
metal  availability)  of  receiving  waters  (Paerl,  1982,  1983). 
Both  characteristics  are  known  to  affect  algal  production 
potentials.  Transparency  alterations  can  regulate 
photosynthesis,  and  hence  primary  production,  in  subsurface 
depths  of  the  water  column.  Metals  such  as  iron,  manganese, 
copper  and  zinc  are  required  for  growth  among  both  desirable  and 
nuisance  algal  species.  These  metals  are  strongly  chelated  or 
chemically  bound  by  humic  and  (particularly)  fulvic  acids. 
Differential  metal  binding  therefore  affects  metal  availability, 
which  in  turn  can  affect  algal  growth  potentials. 


7.1.1.7  Trace  Metals 
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Other  metals  which  have  higher  standards  than  mercury  may 
be  deleterious  to  nursery  areas.  For  example,  lead 
concentrations  in  excess  of  the  state  standard  (which  is  30  ppb 
vs.  0.05  ppb  for  mercury)  have  been  reported  by  PMA  (1983f )  .  In 
terms  of  toxicity  to  fish  larvae,  there  is  very  little 
difference  between  waterborne  lead  and  mercury.  The  difference 
in  standards  reflects  concern  for  the  health  of  humans,  not 
fish,  and  is  due  to  the  greater  ability  of  mercury  to  biomagnify 
in  food  chains. 

Skaggs  et  al.  (1980)  suggested  that  peatland  disturbances 
associated  with  agriculture  will  significantly  increase  fluxes 
into  receiving  systems  of  three  metals  which  the  researchers 
measured:   copper,   manganese   and   zinc   (cadmium  concentrations 
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were  below  detection  limits) .  It  is  likely  that  other  elements, 
particularly  those  that  exist  largely  as  divalent  cations,  will 
demonstrate  similar  trends.  The  cumulative  impacts  of  excessive 
amounts  of  these  trace  metals,  as  well  as  interactions  among 
trace  metals  and  other  substances,  deserve  further  study. 

7.1.1.8  Pesticides 

Potentially  of  greater  concern  than  trace  metals  is  the 
increased  influx  of  pesticides  likely  to  occur  with  extensive 
conversion  of  undeveloped  lands  on  the  peninsula  to  row  crop 
agriculture . 

Skaggs  et  al.  (1980)  reported  concentrations  of  the 
herbicide  Alachlor  within  the  95%  confidence  interval  of  the 
LD  for  bluegill  (Johnson  and  Finley,  1980)  in  field 
ditches  draining  peatlands.  No  data  are  available  for  other 
pesticides,  including  numerous  insecticides  used  in  the  region 
that  are  far  more  toxic  to  aquatic  organisms  than  Alachlor  is. 
Data  were  not  collected  from  main  drainage  canals,  and 
concentrations  in  water  reaching  the  estuaries  would  be  expected 
to  be  considerably  lower  than  concentrations  in  field  ditches. 
However,  the  potential  for  pesticides  to  reach  and  impact 
estuarine  nursery  areas  merits  consideration. 

7.1.1.9  Coliform  Bacteria 

Research  by  Skaggs  et  al.  (1980)  indicated  that  the  average 
number  of  fecal  and  total  coliform  bacteria  in  drainage  waters 
from  developed  shallow  and  deep  organic  soils  was  considerably 
higher  than  from  similar  undeveloped  areas.  These  coliforms  came 
from  lands  under  cultivation  as  well  as  in  pasture,  although 
bacterial  concentrations  from  the  latter  were  higher.  Increases 
in  bacteria  may  be  due  to  a  generally  lower  acidity  in  drainage 
waters  from  developed  lands  because  of  liming. 

One  potential  problem  with  development  of  organic  soils 
adjacent  to  estuaries  for  pastures  or  row  crop  agriculture  is 
the  introduction  of  fecal  organisms  via  drainage  waters  into 
shellfishing  waters.  While  non-fecal  coliform  bacteria  are  not 
harmful,  they  are  used  as  indicators  of  human  pathogens. 
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7.1.2  Data  and  Information  Aval lable  ,  ;  -  ' 

Solution  to  the  problem  requires  an  understanding  of 
estuarine  physical,  chemical  and  biological  processes,  how  they 
impact  upon  estuarine  organisms  and  how  these  processes  are 
affected  by  upland  activities.  Such  "understandings"  are  usually 
portrayed  through  a  model. 

7.1.2.1  General  Approaches  to  System  Representation 

The  past  decade  has  seen  the  development  of  a  great  range 
of  models  of  three  general  types:  1)  empirical,  regression 
models,  2)  loading  vs.  trophic  state  models  and  3)  numerical 
models. 

Empirical,  regression  models  have  been  developed  for 
temperate  lakes  which  show  a  strong  relationship  between  a 
limiting  nutrient  (usually  phosphorus)  and  algal  chlorophyll 
levels  (e.g.,  Dillon  and  Rigler,  1974).  Such  models  have  the 
appeal  of  simplicity  and,  sometimes,  high  correlations  with 
field  conditions,  but  have  not  performed  reliably  in  dystrophic 
fresh  waters  or  estuaries.  Lauria  and  O'Melia  (1980)  suggested 
that  in  the  Pamlico  Estuary  phosphorus  is  limiting  in  winter  and 
nitrogen  in  summer.  They  developed  two  steady-state,  one 
dimensional  (seasonal)  models  to  predict  water  quality  in  the 
estuary  under  different  nutrient  loadings.  Thus  factors 
controlling  trophic  status  may  vary  temporally  as  well  as 
spatially  and  a  single  empirical,  regression  model  may  not  be 
adequate  to  predict  conditions  over  a  complete  annual  cycle. 

Extension  of  empirical,  regression  models  produced  models 
relating  trophic  state  to  phosphorus  loading  rate,  water  depth, 
water  detention  time  and  other  variables  (Vollenweider ,  1968, 
1975;  Dillon,  1975;  Larsen  and  Mercier,  1975).  These  models  have 
proved  useful  for  many  lakes,  especially  since  the  ultimate 
stress  (nutrient  loading  from  land  runoff)  is  one  of  the 
independent  variables.  Furthermore,  trophic  state  is  preferable 
to  chlorophyll-a  content  because  it  may  be  defined  in  other 
terms  which  are  important  for  a  particular  water  body.  This 
approach  has  apparently  been  used  by  Lee  and  Jones  (1979).  They 
expressed  strong  support  for  the  Organization  for  Economic 
Cooperation  and  Development  (OECD)  approach  (Seyb  and  Randolph, 
1977;  Rast  and  Lee,  1978),  extending  the  use  of  the  nutrient 
load/eutrophication  relationships  to  estuarine  waters.  Lee  and 
Jones  (1979)  inserted  data  from  the  Potomac  River  Estuary  into  a 
Vollenweider-type  plot,  a  step  which  had  not  been  done  before. 
They  argued  that  the  low  cost  and  generality  of  this  approach 
make  it  useful  for  estuaries  as  well  as  lakes. 

A  large  number  of  numerical,  simulation  or  dynamic  models 
describing  aquatic  systems  has  been  developed  within  the  past 
fifteen   years   (Chen   and   Orlob,  1972;  Kelly,  1972;  O'Connor  et 
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al.,  1973;  Johnson,  1974;  Johanson  et  al.,  1976;  Harleman  et 
al.,  1977;  Vernberg  et  al.,  1977,  1978;  Kelly  and  Spofford, 
1977;  Kremer  and  Nixon,  1978;  Roesch  et  al.,  1979;  Ambrose  et 
al.,  1980;  Neale  et  al.,  1981;  Burns  et  al.,  1981;  Clark  and 
Feigner,  1982;  and  many  others).  Most  of  these  models  include 
hydrodynamic ,  water  quality  and  biological  components.  They 
encompass  a  range  of  model  types  including  one,  two  and  three 
dimensions,  laterally  and  depth-averaged,  and  a  variety  of  water 
quality  parameters,  including  salinity,  temperature,  phosphorus, 
nitrogen,  DO,  BOD,  turbidity  and  toxics. 

7.1.2.2  Prior  Modeling  Work  in  North  Carolina 

Several  water  quality  models  have  been  developed  for  North 
Carolina  waters.  As  mentioned  in  section  7.1.2.1,  Lauria  and 
O'Melia  (1980)  developed  a  model  for  predicting  water  quality  in 
the  Pamlico  Estuary  under  different  nutrient  loadings.  Amein  and 
Galler  (1979)  generated  a  water  quality  management  model  for  the 
lower  Chowan  River,  which  consisted  of  a  flow  dynamics  module 
and  a  water  quality  module.  The  flow  dynamics  module  was  based 
on  the  finite  difference  representation  of  the  equations  for  the 
conservation  of  mass  and  momentum  for  water  flow  in  estuaries. 
Variables  included  water  stage,  wind  direction  and  wind  speed. 
The  water  quality  module  included  DO,  BOD,  nitrite  plus  nitrate 
nitrogen,  ammonia  nitrogen,  organic  nitrogen  and  algal  biomass. 
The  module  utilized  computations  on  photosynthesis  and  nutrient 
uptake  by  algae.  It  was  a  time-dependent  or  unsteady  flow  model 
which  also  predicted  nutrient  concentrations  and  algal 
abundance.  However,  neither  the  Lauria  and  O'Melia  nor  the  Amein 
and  Galler  model  has  been  used  by  the  state  Division  of 
Environmental  Management  (DEM)  to  date  because  of  the  large 
volume  of  data  (currently  unavailable)  needed  to  fit  all  the 
parameters . 

In  response  to  recurrence  of  nuisance  surface  blooms  of 
blue-green  algae  in  the  lower  Chowan  River,  DEM  has  adopted  a 
management  strategy  based  on  a  phosphorus  loading/chlorophyll-a 
model.  The  model  was  developed  by  Chapra  and  Tarapchak  (1976, 
cited  by  DEM,  1982)  based  on  the  phosphorus 
concentration/loading  relationship  and  phosphorus/chlorophyll-a 
relationship  developed  by  Dillon  and  Rigler  (1974,  cited  by  DEM, 
1982).  This  simple  model  takes  into  account  the  effect  of 
variations  in  annual  discharge  on  average  total  phosphorus 
concentrations,  but  cannot  predict  the  effects  of  seasonal 
variability  in  flushing  rates  and/or  short-term  fluctuations  in 
phosphorus  concentrations  on  phytoplankton  biomass 
(chlorophyll-a) .  Neither  does  the  model  account  for  the  many 
physical  factors  that  cause  the  massive  surface  blooms  and  peak 
chlorophyll-a  levels.  It  is  hoped  that  the  model  will  provide  a 
good  indication  of  how  the  river  responds  to  increases  or 
reductions  in  phosphorus  loading  over  several  years  (DEM,  1982). 
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A  simplified  approach  to  predicting  the  "suitability"  of  an 
area  to  support  a  given  wildlife  species  has  been  developed  by 
the  U.  S.  Fish  and  Wildlife  Service  (1980).  Their  Habitat 
Evaluation  Procedures  (HEP)  relate  environmental  conditions  to 
life  requisites  for  indicator  organisms,  and  may  be  employed  in 
space,  time  or  both.  Many  of  the  details  contained  in  more 
sophisticated  approaches  are  by-passed  or  consolidated  in  HEP 
(e.g.,  bottom  type  may  serve  as  proxy  for  food),  and  the  models 
are  difficult  to  validate  (they  allege  to  measure  "quality"  or 
"suitability",  but  efficient  validators  of  quality  and 
suitability  are  evasive).  Even  with  its  limitations,  the 
strengths  and  practicability  of  the  HEP  approach  have  been 
recognized  and  it  is  becoming  widely  applied.  For  example,  the 
HEP  approach  has  been  used  in  terrestrial  (Lancia  et  al.,  1982; 
Noffsinger  et  al.,  1983;  Lancia  et  al.,  1984)  and  estuarine 
environments  in  North  Carolina  (Adams  et  al.,  1982;  Adams  and 
Overton,  1983)  . 

A  finite  element  numerical  hydrodynamic  model  was  developed 
by  Wei  (1983)  at  NCSU,  and  has  been  used  in  several  projects  in 
North  Carolina.  The  model  has  been  linked  to  simple  habitat 
suitability  models  to  predict  impacts  of  salinity  introductions 
into  Currituck  Sound  (Adams  and  Overton,  1983)  and  channel 
modifications  in  the  White  Oak  Estuary  (Adams  et  al . ,  1982). 
Adaptations  of  this  model  and  other  existing  models  should 
provide  the  foundation  of  the  modeling  efforts  discussed  in 
section  7.1.3. 


7.1.2.3  Other  Relevant  Studies 

Kremer  and  Nixon  (1978)  developed  a  mechanistic  numerical 
model  of  a  temperate  estuary  (Narragansett  Bay,  Rhode  Island) . 
Their  model  used  known  forcing  functions  to  predict  temperature, 
solar  radiation,  tidal  circulation,  exchange  with  an  adjacent 
sound  and  river  flow,  and  empirically  derived  growth 
relationships  to  predict  phytoplankton-zooplankton-nutr ient 
dynamics  in  the  estuary. 

Kremer  and  Nixon  (1978)  used  temperature  as  the  variable 
controlling  the  absolute  maximum  growth  rate  of  phytoplankton 
(Eppley,  1972).  Nutrient  limitation  of  phytoplankton  growth  was 
calculated  from  the  concentrations  of  phosphate,  silicate  and 
inorganic  nitrogen  relative  to  the  half-saturation  coefficient 
for  these  nutrients.  The  third  factor  affecting  growth  was 
light.  Annual  changes  in  intensity  and  day  length,  cloudiness 
and  water  transparency  were  incorporated.  Computations  linked 
the  phytoplankton  growth  model  to  the  physical  forcing  functions 
in  the  estuary.  These  factors  and  their  relationships  to 
phytoplankton  productivity  are  not  fundamentally  different  from 
those  of  North  Carolina  estuaries,  and  a  similar  model  would 
likely  be  satisfactory. 
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The  zooplankton  community  of  North  Carolina  estuaries  may 
be  simulated  by  the  zooplankton  model  of  Kremer  and  Nixon 
(1978).  This  model  includes  such  controlling  variables  as 
temperature,  food  availability,  filtering  rate,  reproduction, 
respiration,  egestion,  predation  and  cannibalism  in  order  to 
compute  the  productivities  of  several  kinds  of  planktonic 
animals . 

The  roles  of  the  benthos  in  the  Narragansett  Bay  model  were 
two:  1)  phytoplankton  grazing  (filtration  by  bivalves)  and  2) 
nutrient  regeneration.  Few  data  were  available  on  the  dynamics 
of  estuarine  benthic  communities  and,  as  a  result,  a  program  to 
measure  feeding,  respiration  and  nutrient  regeneration  rates  in 
situ  was  initiated.  For  purposes  of  the  model,  a  daily  clearing 
rate  for  the  bivalve  population  was  determined  from  pumping  rate 
and  duration  projections  as  a  function  of  temperature.  Nutrient 
regeneration  with  temperature  was  based  on  in  situ  flux 
measurements  made  in  the  bay  (Kremer  and  Nixon,  1978). 

The  effects  of  adult  fish  and  higher  trophic  levels  were 
not  included  in  the  model  of  Narragansett  Bay  because  the 
authors  believed  it  unlikely  that  this  predation  exerts 
significant  influences  on  the  planktonic  system  and  because 
omitting  this  level  simplified  model  development. 

The  U.S.  Army  Corps  of  Engineers  (Edinger  and  Buchak,  1981; 
Buchak  and  Edinger,  1982)  has  developed  a  two-dimensional 
numerical  estuarine  model  laterally  averaged  in  space.  The  model 
currently  includes  circulation,  salinity  and  temperature.  Water 
quality  constituents  such  as  dissolved  oxygen  and  nitrogen  will 
eventually  be  included.  Water  quality  models  will  then  be  linked 
to  a  vertically  averaged  model.  The  Corps  plans  to  develop  a 
three-dimensional  estuarine  model  within  the  next  several  years. 
The  objective  of  the  entire  study  is  to  develop  methods  for 
evaluating  the  impact  of  changes  in  circulation  on  the  water 
quality  of  estuarine  systems. 


7.1.2.4  Data  Sources 

The  type  of  data  currently  available  and  needed  in 
developing  a  simulation  model  is  reviewed  below.  Although 
extensive  data  exist,  the  data  base  is  currently  insufficient  to 
address  many  of  the  problems  discussed  in  section  7.1.1.  For 
example,  the  current  question  on  the  distribution  of  the 
vertical  salinity  profile  during  freshwater  pulsing  and  the 
possibility  of  stratification  cannot  be  answered  with  biweekly 
data  at  one  location  in  the  absence  of  runoff  data  or  pre-event 
conditions.  The  system  is  too  complex  to  be  described  by  spatial 
or  temporal  averages. 
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7.1.2.4.1  Hydrodynamic/Water  Quality  Data 

Baseline  data  needed  for  the  development  of  a  hydrodynamic 
model  include  a  bathymetric  survey,  current  measurements,  tidal 
elevation  changes  and  wind  speed  and  direction.  Because  of  the 
time  dependent  nature  of  the  model,  values  of  all  the  parameters 
are  required  at  some  initial  time  (to  be  used  as  initial 
conditions).  At  designated  boundaries,  time  varying  values  of 
the  parameters  are  required  (to  be  used  as  boundary  conditions). 
For  initial  model  development,  the  data  could  be  compiled  from 
existing  sources  (i.e.,  from  the  bulk  of  literature  that 
describes  previous  estuarine  studies  in  North  Carolina). 
However,  for  model  refinement  and  verification,  additional  field 
data  would  be  required.  The  specific  form  of  the  data  needed  can 
best  be  described  as  the  model  is  developed  and  simulation 
requirements  are  defined. 

Some  of  the  water  quality  data  needed  may  be  available  from 
DEM,  which  conducts  two  water  quality  monitoring  programs.  In 
the  Ambient  Water  Monitoring  Program  300  sites  statewide 
(approximately  25  in  the  study  area)  are  monitored  monthly  for 
temperature,  dissolved  oxygen,  pH,  alkalinity,  specific 
conductance,  biological  oxygen  demand  (BODS)  and  fecal  coliform 
and  quarterly  for  turbidity,  chemical  oxygen  demand  (COD) , 
arsenic,  mercury  and  general  metals.  The  Basic  Water  Monitoring 
Program  samples  monthly  for  temperature,  DO,  pH,  alkalinity, 
conductivity,   secchi  disc,  salinity,  turbidity,  BODS,  COD,  fecal 

nitrogen,   NO^   and  NO^,  total  Kjeldahl        ■■: 
and   total   phosphorus   and   quarterly   for 
chromium,  cobalt,  copper,  iron,  lead,  magnesium, 
and   arsenic   at   37  sites,  including  one  each  in 
and  Pamlico  Sound  (DEM,  undated). 


7.1.2.4.2  Biological  Data 

Sampling  for  phytoplankton  biomass  and  species  composition 
in  the  study  area  is  conducted  by  the  Biological  Monitoring 
Group  of  the  Water  Quality  Section  of  DEM.  Sampling  stations  are 
located  in  the  Chowan,  Alligator,  Pungo  and  Pamlico  Rivers  and 
Albemarle  Sound.  Sampling  schedules  vary,  but  nutrient  data  and 
chlorophyll-a  measurements  are  taken  whenever  phytoplankton  is 
sampled. 

Very  little  is  known  about  zooplankton  in  estuaries. 
However,  sampling  for  zooplankton  is  currently  underway  in  the 
Neuse  River  Estuary. 
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The  state  Division  of  Marine  Fisheries  (DMF)  has  been 
conducting  a  monthly  survey  of  fish  (March  through  November)  in 
nursery  areas  since  1974.  Data  on  temperature,  salinity  (surface 
and  bottom)  and  juvenile  catch  data  are  taken.  Depth,  sediment 
type,  %  carbon,  nitrogen,  and  organic  matter  in  the  sediment  and 
sediment  size  have  also  been  recorded  for  each  station.  These 
primary  nursery  area  stations  are  not  located  in  the  same  places 
as  OEM's  sampling  stations,  however,  the  two  agencies  are 
considering  joint  sampling  efforts  for  the  future. 

As  part  of  an  effort  to  evaluate  and  update  its  programs 
for  coastal  water  quality  DEM  has  been  compiling  scientific 
information  on  water  quality  impacts  on  key  species  in  estuarine 
nursery  areas.  In  addition  to  reviewing  published  reports,  DEM 
is  also  conducting  an  analysis  of  five  years  of  catch  data 
collected  in  primary  nursery  areas  by  DMF.  The  analysis  of  the 
DMF  catch  data  focuses  on  brown,  white  and  pink  shrimp;  blue 
crab;  croaker;  menhaden;  southern  flounder  and  spot.  The 
relationship  between  juvenile  catch  and  bottom  salinity  is  the 
analysis  of  primary  interest,  however,  several  other  factors 
including  water  temperature  and  some  bottom  sediment 
characteristics  are  also  being  examined.  The  literature  review 
and  data  analysis  may  enable  DEM  to  specify  a  salinity  threshold 
above  and  below  which  a  particular  species  is  not  likely  to 
occur.  The  information  will  be  integrated  to  develop  possible 
water  quality  criteria  for  primary  nursery  areas  and  water 
quality  regulations  may  be  proposed. 


7.1.3  Recommended  Approach 

7.1.3.1  General  Approach 

A  substantial  body  of  research,  conducted  over  the  past  10 
to  15  years,  has  improved  our  understanding  of  the  behavior  of 
estuarine  systems  and  the  land-based  activities  that  affect 
these  systems,  yet  a  sufficient  informational  framework  for 
decision  making  remains  elusive.  It  can  be  concluded,  however, 
that  1)  estuarine  systems  and  their  relationships  to  land 
influences  are  extremely  complex,  2)  site  specific  research  must 
be  undertaken  to  determine  which  factors  are  most  important  in  a 
particular  environment,  3)  data  and  information  on  components  of 
the  system  must  fit  into  an  overall  system  framework,  and  4)  the 
requisite  effort  will  require  large  expenditures  of  resources 
over  a  long  period  of  time  (at  least  a  decade)  .  At  least  three 
approaches  to  the  problem  are  possible. 

The  first  assumes  that  we  now  have  an  understanding  of  the 
system  sufficient  to  support  development  of  a  comprehensive, 
large-scale  simulation.  Proponents  of  this  approach  argue  that 
some  parts  of  the  system  may  be  poorly  understood,  but  that 
sensitivity   analyses   can  be  used  to  identify  the  most  important 
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sources  of  uncertainty,  which  can  then  be  addressed  by  future 
research. 

The  second  approach  presupposes  that  sufficient  information  is 
available  to  begin  developing  parts  of  the  overall  system,  but 
that  data  and  information  gaps  will  preclude  completion.  Under 
this  approach,  model-building  would  proceed  on  parts  of  the 
system  until  stopped  by  data  and  information  limitations. 
Research  efforts  would  then  be  initiated  to  correct  these 
deficiencies,  while  the  modeling  effort  shifted  to  another 
sector.  The  "model"  would  thus  serve  to  identify  data  gaps  as 
well  as  to  integrate  available  data  and  information  into  the 
whole . 

The  third  approach  is  based  on  the  belief  that  existing 
knowledge  is  so  deficient  that  research  efforts  must  be  limited 
to  studies  of  small  areas  of  the  system.  Under  this  approach 
individual  research  projects  would  continue  to  be  supported,  but 
no  effort  to  integrate  results  into  a  larger  concept  would  be 
attempted  until  a  later  date. 

The  research  team  favors  the  second  alternative.  It  permits 
individual  research  efforts  to  continue,  funded  from  a  variety 
of  sources,  yet  encourages  efforts  toward  beginning  to 
understand  the  larger  system.  If  the  state  should  pursue  this 
alternative,  the  team  recommends  limiting  the  initial  geographic 
extent  and  the  number  of  water  quality  parameters  and  biological 
components  of  the  modeling  effort  and  maximizing  the  amount  of 
field  calibration  and  validation.  As  experience  and  expertise 
increase,  the  effort  may  be  expanded  in  scope  and  complexity. 

Regardless  of  the  approach  adopted,  the  data  and  information 
required  can  be  organized  into  three  subsystems:  1)  the  land 
use-hydrologic  subsystem  that  generates  inputs  into  the  estuary 
(from  the  Upland  Water  Management  simulation,  section  7.3);  2) 
an  estuarine  physical-chemical  system;  and  3)  an  estuarine 
biological  system. 

7.1.3.2  Physical-Chemical  Aspects 

The  hydrodynamic  component  derives  from  the  three 
dimensional  equations  of  motion  which  describe  the  conservation 
of  fluid  mass  and  momentum.  Variables  in  the  equations  are  the 
three  components  of  velocity,  pressure  and  water  elevation. 
These  equations  fully  depict  the  hydrodynamics  of  the  system. 
Forcing  functions  are  provided  by  specifying  boundary  and 
initial  conditions.  Factors  such  as  winds,  tides,  currents 
bottom  topography  and  bottom  materials  are  included  in  initial 
and/or  boundary  conditions.  Therefore,  the  basis  for  the  model 
is  somewhat  independent  of  the  simulation  criteria.  However,  the 
mathematical  model  and  the  numerical  technique  chosen  to  solve 
these   equations   will   depend   in   part  on  the  form  of  the  input 
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provided  by  the  Upland  Water  Management  model  (section  7.3)  and 
the  output  required  by  the  biological  component  (section 
7.1.3.3).  These  interfaces  must  be  compatible.  For  example,  if 
spatial  resolution  in  the  vertical  dimension  is  necessary,  a 
depth-averaged  form  of  the  equations  above  and  a  boundary 
integral  method  of  solution  would  be  inappropriate. 

The  water  quality  component  should  be  developed  for  the 
specific  parameters  under  consideration  (i.e.,  salinity, 
nitrogen,  phosphorus,  suspended  solids).  For  example,  the 
balance  equations  could  be  written  in  three  dimensions  for 
salinity  distribution  and  solved  for  each  time  step.  The  water 
quality  component  would  interface  with  the  hydrodynamic 
component  by  using  the  solutions  from  the  hydrodynamic  component 
as  input  to  the  water  quality  component.  The  temporal  and 
spatial  resolution  provided  will  be  determined  in  part  from  the 
requirements  of  the  biological  model  and  these  requirements,  in 
turn,  might  influence  the  development  of  both  the  hydrodynamic 
model  and  the  numerical  solution  technique  chosen. 

Parameters  to  be  considered  include: 

1.  Physical  characteristics  of  receiving  waters 

a.  Surface  flow  rates,  volumes,  vertical  and  stratification 
characteristics  of  receiving  estuaries. 

b.  Turbidity,  light  penetration  characteristics. 

c.  Yearly  temperature  fluctuations  of  entire  water  column. 

2.  Chemical  characteristics  of  receiving  waters 

a.  Seasonal  and  spatial  (vertical)  distribution  of  salinity, 
major   nutrients  (including  NH.,  NO^,  PO.),  pH 

in  riverine 

and  receiving  estuarine  habitats. 

b.  Total  nitrogen  (Kjeldahl)  and  total  phosphorus 
determinations  on  seasonal  and  spatial  bases. 

c.  Alkalinity  (dissolved  inorganic  carbon)  on  a  seasonal 
basis  in  rivers  and  oligohaline  estuarine  habitats. 

7.1.3.3  Biological  Aspects  of  an  Estuarine  Model 

The  estuarine  biological  model  component  relates  simulated 
physical-chemical  conditions  to  phytoplankton ,  zooplankton, 
benthos  and  higher  consumers.  It  may  be  based  on  environmental 
limiting  factors  affecting  indicator  organisms  or  nutrient 
cycling,  food  chains  and  energy  flow,  or  more  complicated 
relationships,  and  may  consider  short-term  or  long-term 
conditions.  The  estuarine  biological  model  is  the  least 
understood  component  of  the  overall  modeling  efffort  and  will 
require  a  considerable  investment  before  meaningful  results  can 
be  expected. 
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Parameters  to  be  considered  include: 

1.  Physical  characteristics  of  receiving  waters 

a.  Surface  flow  rates,  volumes,  vertical  and  stratification 
characteristics  of  receiving  estuaries. 

b.  Turbidity,  light  penetration  characteristics. 

c.  Yearly  temperature  fluctuations  of  entire  water  column. 

2.  Chemical  characteristics  of  receiving  waters 

a.  Seasonal  and  spatial  (vertical)  distribution  of  salinity, 
major   nutrients  (including  NH.,  NO-.,  PO.),  pH 

in  riverine 

and  receiving  estuarine  habitats. 

b.  Total  nitrogen  (Kjeldahl)  and  total  phosphorus 
determinations  on  seasonal  and  spatial  bases. 

c.  Alkalinity  (dissolved  inorganic  carbon)  on  a  seasonal 
basis  in  rivers  and  oligohaline  estuarine  habitats. 

7.1.3.3  Biological  Aspects  of  an  Estuarine  Model 

The  estuarine  biological  model  component  relates  simulated 
physical-chemical  conditions  to  phytoplankton ,  zooplankton, 
benthos  and  higher  consumers.  It  may  be  based  on  environmental 
limiting  factors  affecting  indicator  organisms  or  nutrient 
cycling,  food  chains  and  energy  flow,  or  more  complicated 
relationships,  and  may  consider  short-term  or  long-term 
conditions.  The  estuarine  biological  model  is  the  least 
understood  component  of  the  overall  modeling  efffort  and  will 
require  a  considerable  investment  before  meaningful  results  can 
be  expected. 

Parameters  to  be  considered  include: 

1.  Biological  characteristics  of  receiving  waters 

a.  Particulate  chlorophyll-a  concentrations  on  a  seasonal 
and  spatial  (vertical  distribution)  basis  in  riverine 
and  estuarine  habitats. 

b.  Algal  community  composition  (as  major  groups  - 
Cyanophyceae,  Chlorophyceae,  Dinophyceae,  etc.)  on  a 
seasonal  and  spatial  basis. 

c.  Zooplankton  community  composition  and  biomass  (again 

as  major  groups  of  cladocerans,  copepods,  insect  larvae, 
rotifers,  microzooplankton  and  icthyoplankton)  on  a 
seasonal  basis,  using  integrated  (over  depth)  water 
column  samples  in  major  rivers  and  estuarine 
environments ... 

2.  Biophysical  processes 

a.  Seasonal  growth  limitation  effects  of  nutrients  on 
phytoplankton. 
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b.  Seasonal  primary  productivity  at  selected  water  column 
locations,  as  indicative  of  actual  growth  potentials  of 
phy toplankton  under  natural  (ambient)  conditions. 

c.  Relationships  between  salinity,  water  flow,  water  column 
stratification  and  the  potential  for  algal  growth 
(blooms)  (seasonal). 

d.  Relationships  between  salinity,  water  flow  and  dissolved 
oxygen  in  the  water  column  (seasonal). 

e.  Nutrient  exchange  between  the  sediments  and  water  column 
on  a  seasonal  basis.  Relationship  of  nutrient  inputs 
and  outputs  to  overall  nutrient  availability  for 
phytoplankton  growth. 

f.  Current  food  chains  utilizing  particulate  matter 
generated  in  and  entering  the  estuary,  including  major 
rates  of  food  utilization,  preferred  food  types  and 
preferred  herbivorous  grazers  sustaining  commercially 
and  recreationally  important  finfish  and  shellfish 
species.  Current  rates  of  food  transfer  (fluxes) 
along  identifiable  links  in  the  estuarine  food  chain. 
(The  choices  of  desirable  phytoplankton  food  sources 
and  herbivore  grazers  depends  on  the  desired  finfish 
or  shellfish  resources.) 

g.  Interactions  of  estuarine  salinity  gradients  with 
qualitative  and  quantitative  aspects  of  primary  and 
secondary  productivity. 

h.  Hydrological  and  nutrient  loading  "mass  balance" 

budgets  to  predict  the  impacts  of  altered  freshwater 
nutrient  loading  on  quantitative  and  qualitative 
characteristics  of  estuarine  primary  producti vi tiy. 
In  other  words,  the  relationship  of  nutrient  loading 
to  both  the  amounts  and  types  of  algal  production 
desired. 


7.1.3.4  Application 

An  estuarine   model  could  be  used  as  a  means  of 
understanding  the  system  and  identifying  significant  data  gaps. 
In  addition,  such  a  model  would  allow  decision  makers  to  assess 
the  impacts  of  existing  and  proposed  coastal  land  use  on  the 
state's  estuarine  resources. 

7.1.3.4.1  Regulatory  Implications 

An  estuarine  model  could  also  be  used  as  the  basis  for 
setting  effluent  limitations  to  meet  water  quality  standards  for 
primary  nursery  areas,  should  such  standards  be  established  by 
the  Environmental  Management  Commission. 
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7.1.3.4.2  Legal  Aspects  of  the  Control  of  Freshwater  Drainage 
into  Primary  Nursery  Areas 

The  assumption  has  been  made  here  that  a  major  portion  of 
the  fresh  water  drained  from  the  mining  activities  will  enter 
"waters  of  the  United  States"  (rivers,  sounds,  estuaries)  via 
either  man-made  or  improved  canals  and  ditches. 

The  discharge  of  fresh  water  into  the  brackish  waters  of 
the  primary  nursery  areas  probably  cannot  be  controlled  through 
the  NPDES  permit  process  in  the  same  direct  way  that  BOD  or  TSS, 
for  example,  are  controlled.  This  is  because  fresh  water  is  not 
included  in  the  definition  of  "pollutant"  in  33  U.S.C.  section 
1362(6)  (Clean  Water  Act),  and  the  primary  basis  for  control 
under  an  NPDES  permit  is  to  limit  the  discharge  of  "pollutants," 
as  defined.  Nor  do  any  of  the  effluent  limitations  promulgated 
by  EPA  for  various  categories  of  point  sources  include  fresh 
water  among  the  standards. 
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Once  the  classification  and  standards  have  been  adopted, 
the  standard  must  be  submitted  to  EPA  for  approval  pursuant  to 
33  U.S.C.  section  1313(c).  Once  EPA  has  approved  the  standards, 
then  any  NPDES  permit  issued  that  would  affect  the  classified 
waters  —  whether  issued  by  EPA  or  the  state  —  must,  pursuant 
to  40  C.F.R.  section  122.44(d)(1),  contain  conditions  that  are 
designed  to  protect  those  standards. 
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A  second  possible  approach,  independent  of  the  NPDES 
permit,  but  still  relying  on  a  classification  and  standards, 
would  be  to  require  a  state  permit  for  the  discharge  pursuant  to 
G.S.  143-215.1  (a)  (6) .  In  this  regard,  the  definition  of  "waste" 
in  G.S.  143-213 (18) b  appears  to  be  comprehensive  enough  to 
include  fresh  water  drained  from  mining  activities;  the  water  in 
this  case  is  a  "waste  substance  ...  resulting  from  ...  the 
development  of  any  natural  resource." 

A  third  possible  approach,  which  could  be  used  in 
conjunction  with  the  adoption  of  a  classification  and  standards 
or  without  the  adoption  of  a  classification,  would  be  to  require 
a  permit  for  the  discharge  of  fresh  water  into  the  nursery  areas 
pursuant  to  G.S.  143-215. 1(a)  (10).  This  provision  was  adopted  to 
enable  the  state  to  assume  authority  over  the  discharge  of 
pollutants  into  aquaculture  projects  pursuant  to  33  U.S.C. 
section  1328(c).  The  language  of  G.S.  143-215. 1  (a)  (10 )  ,  however, 
appears  to  be  broader  than  necessary  to  implement  the  federal 
statutory  requirement.  The  state  statute  is  phrased  in  terms  of 
a  broad  prohibition  against  the  discharge  of  pollutants  into  one 
of  the  described  areas,  whereas  the  federal  statute  gives 
authority  to  EPA  to  allow  the  discharge  of  specific  pollutants 
into  aquaculture  projects  under  certain  conditions.  The  breadth 
of  language  in  the  state  statute  may  allow  it  to  be  used  in  this 
situation,  but  before  it  may  be  used  the  state  must  show  that 
the  primary  nursery  areas  that  are  of  concern  are  "defined 
managed  area(s)  of  the  State's  waters  for  the  maintenance  or 
production  of  harvestable  freshwater,  estuarine,  or  marine 
plants  or  animals." 

A  fourth  possibility,  once  a  classification  and  standards 
have  been  adopted,  would  be  to  condition  the  mining  permit  on 
the  taking  of  actions  necessary  to  protect  the  salinity  or  other 
water  quality  standards  for  the  nursery  areas.  This  may  be  done 
pursuant  to  G.S.  74-51(3),  which  provides  that  the  permit  may  be 
denied  if  the  activity  would  violate  surface  water  quality 
standards,  and  G.S.  74-49(13),  which  requires  the  reclamation 
plan  to  include  a  plan  for  compliance  with  state  water  pollution 
laws. 

A  fifth  possibility  would  be  a  special  order  issued 
pursuant  to  G.S.  113-230  to  control  activities  in  coastal 
wetlands  for  the  protection  of  marine  fisheries.  The  use  of  this 
approach  would  require  the  Secretary  of  Natural  Resources  and 
Community  Developmet  to  make  use  of  the  expanded  definition  of 
"coastal  wetlands"  allowed  by  G.S.  113-230  (a)  to  include  not 
only  "marshes,"  as  defined  in  G.S.  113-229  (n)  (3 ) ,  but  also  "such 
contiguous  land  as  the  Secretary  reasonably  deems  necessary  to 
affect  by  any  such  order  in  carrying  out  the  purposes  of  this 
section." 
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7.2  Wildlife 

7.2.1  Statement  of  the  Problem 

Natural  resource  development  on  the  Albemarle-Pamlico 
Peninsula  inevitably  involves  conversion  of  one  habitat-land  use 
type  to  another  and  concommitant  faunal  changes.  In  the 
scenarios  evaluated,  the  most  significant  conversions  were  from 
pocosin  vegetation  to  mining  to  agriculture,  and  the  most 
significant  adverse  wildlife  impacts  were  upon  black  bear  and 
bobcat.  The  bear,  in  particular,  is  intolerant  of  human 
disturbance  and  requires  large  areas  of  suitable  habitat.  The 
coastal  plain  population  is  under  considerable  stress.  Under  the 
most  extreme  conditions  evaluated  (Scenario  #2,  Area  1)  (see 
section  6.1.4.3.2),  bear  habitat  quality  in  the  impacted  area 
would  be  reduced  by  40%;  under  the  most  favorable  conditions 
(Scenario  #3,  Area  2)  (see  section  6.1.4.3.3),  habitat  quality 
would  be  reduced  by  28%.  Bobcat  habitat  quality,  under  the  same 
circumstances,  would  be  reduced  by  30%  and  19%. 

The  validity  of  these  conclusions  rests  on  two  unproven 
assumptions.  First,  habitat  quality  indices  used  in  modeling 
impacts  were  derived  from  a  consensus  of  wildlife  biologists 
familiar  with  the  area  and  were  intended  to  measure  the 
"goodness"  of  each  habitat-land  use  type  from  the  standpoint  of 
each  species  considered.  No  field  data  were  used  in  developing 
these  models,  nor  was  there  any  attempt  to  validate  the  results. 
Secondly,  indices  applied  to  post-project  conditions  assumed 
certain  degrees  of  effectiveness  for  buffer  strips  and  other 
mitigation  measures,  none  of  which  has  been  field  tested. 

Thus,  the  results  represent  state-of-the-art  efforts  within 
the  time  and  funding  constraints  imposed  by  the  project,  but 
their  reliability  is  yet  to  be  tested. 


7.2.2  Data  and  Information  Available 

7.2.2.1  Habitat  Quality  Modeling 

The  procedure  used  in  predicting  wildlife  habitat  impacts 
was  developed  by  the  U.S.  Fish  and  Wildlife  Service,  and  is 
termed  Habitat  Evaluation  Procedures  (HEP)  (U.S.  Fish  and 
Wildlife  Service,  1980).  It  consists  of  1)  inventorying  the  land 
use-habitat  types  on  the  study  area,  2)  selecting  evaluation 
species,  3)  determining  a  Habitat  Suitability  Index  (HSI)  for 
each  habitat  type  for  each  species,  4)  estimating  the  rate  of 
change  from  one  type  to  another,  5)  accruing  habitat  quality 
units  for  each  species  over  the  project  period,  and  6) 
evaluating  results  in  terms  of  impacts  on  individual  evaluation 
species  and  on  "wildlife"  as  a  whole  as  represented  by  the  sum 
of  indicator  species  (or  guilds) .  Models  for  numerous  species 
have  been  developed  by  the  Fish  and  Wildlife  Service. 
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HEP  are  usually  used  in  the  form  described  above, 
emphasizing  temporal  changes  at  the  expense  of  spatial 
considerations.  Another  approach,  developed  at  N.  C.  State 
University  (Adams  et  al.,  1982b),  applies  HEP  principles  in  a 
spatial  context,  but  is  unable  to  efficiently  consider  changes 
in  continuous  time  (although  before-  and  after-project 
conditions  can  be  evaluated).  No  means  for  considering  both 
spatial  and  temporal  aspects  of  habitat  conversion  currenty 
exist,  although  both  are  important  in  evaluating  impacts  on 
wildlife . 

In  a  temporal  context,  HEP  have  been  used  in  North  Carolina 
to  evaluate  effects  of  the  Falls  Reservoir  (Hair,  1978)  and 
Prulean  Farms'  Section  404  permit  application  (Noffsinger  et 
al.,  1983).  In  a  spatial  context,  they  have  been  employed  to 
assess  proposals  to  introduce  salt  water  into  Currituck  Sound 
(Adams  and  Overton,  1983)  and  to  assess  efforts  to  improve 
circulation  in  the  White  Oak  River  Estuary  (Adams  et  al., 
1982a) .  In  these  examples,  no  effort  was  made  to  validate 
results  beyond  findings  of  "reasonableness"  and  acceptance  by 
peers. 

The  concept  of  validation  is  itself  hazy,  and  more  efforts 
toward  validation  by  field  data  are  needed.  Although  HSIs  are 
alleged  to  measure  "suitability"  or  "quality",  these  terms  are 
difficult  to  define  and  more  difficult  to  measure.  Lancia  et  al. 
(1982)  attempted  to  validate  a  bobcat  model  (with  reasonably 
good  results)  and  various  songbird  models  (with  mixed  results) . 
Other  researchers  (Whelan  et  al.,  1979)  had  similar  experiences. 
Common,  specialized  species  with  small  home  ranges  are  more 
easily  modeled;  rare,  generalized,  and  far  ranging  species  are 
more  difficult.  Frequency  and  intensity  of  use  appear  to  be 
better  validation  criteria  than  population  density.  Limiting 
factors  other  than  habitat  quality  (e.g.  predation,  social 
interactions,  accessibility,  demographic  and  behavioral  factors) 
frequently  confound  field  validation  attempts. 

Despite  these  weaknesses,  the  HEP  approach  appears  to 
possess  the  potential  for  evolving  into  a  useful  and  credible 
tool  for  assessing  land  conversion  impacts.  At  the  present 
time,  it  has  no  competition.  Efforts  must  therefore  be  expended 
toward  improving  this  system  as  it  may  be  applied  to  land 
conversions  on  the  Albemarle-Pamlico  Peninsula. 


7.2.2.2  Mitigation 

During-  and  post-project  HSIs  used  in  this  study  considered 
mitigation  efforts  currently  included  in  mining  permits  and 
those  proposed  in  draft  form  (as  of  March,  1984)  within  the 
North  Carolina  Wildlife  Resources  Commission.  The  latter 
describes   a   Regional   Peat   Mining   Reclamation  Plan  containing 
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In   reality,  a  combination  of  habitat  preservation,  BMPs  and 
monitoring  efforts  may  be  the  most  likely  approach.  ^, 


7.2.3  Recommended  Approach 

7.2.3.1  Habitat  Quality  Modeling 

Two  efforts  are  required.  The  first  would  validate  HSIs  for 
selected  species  (particularly  black  bear  and  bobcat)  using 
field  data  from  the  study  area.  The  second  would  link  spatial 
and  temporal  aspects  of  the  modeling  concept  in  a  form  usable 
for  "real-time"  decision  making. 

While  the  procedure  for  field  validation  and  improvement  of 
models  is  relatively  straightforward,  many  more  validations  need 
to  be  completed  to  document  and/or  improve  the  accuracy  of  the 
HSIs.  Wide  ranging  and  rare  species  have  been  particularly 
evasive,  and  require  extensive  study  areas  and  considerable  time 
and  expense.  In  this  instance,  the  validation  project  should: 


1.  Consider  black  bear  and  bobcat. 

2.  Develop  species-habitat  models  incorporating  spatial  con- 
siderations, based  on  literature  and  consensus  of  area 
biologists. 
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3.  Predict  habitat  quality  for  each  species  over  a  large 
study  area  (several  thousand  acres)  on  the  peninsula. 

4.  Correlate  habitat  quality,  as  determined  by  the  models, 
with  animal  presence,  use  intensity,  use  frequency,  or 
other  validator. 

5.  Revise  original  models  to  improve  correlations. 

6.  Test  revised  models  in  another,  similar,  area. 

Techniques  and  procedures  are  reasonably  well  known  and 
proven;  fiscal,  personnel,  and  materiel  requirements  should  be 
readily  estimated;  and  definitive  results  should  be  attained. 

The  second  element,  linkage  of  spatial  and  temporal 
considerations,  is  much  less  certain.  Conceptually,  one  should 
be  able  to  iterate  a  spatial  model  through  time,  apply  it  to  a 
computer-generated  habitat  map  of  the  study  area,  inject  types 
and  locations  of  management  decisions,  and  perform  all 
operations  on  an  easily  accessible  micro-computer.  Such  a  system 
would  permit  a  land  manager  to  evaluate  alternative  land  use 
decisions  prior  to  execution,  assessing  their  wildlife  impact 
before  commitments  were  made  on  the  ground. 

In  approaching  this  element,  the  following  steps  would  be 
taken: 


1.  Enter  a  land  inventory  into  a  computer  and  obtain  graphic 
output  on  the  monitor. 

2.  Load   a  program  containing  species-habitat  models  for 
species  of  interest. 

3.  Indicate  a  decision  (time, space)  to  modify  part  of  the 
study  area. 

4.  Obtain  a  computer-generated  map  of  the  revised  land  use 
distr  ibut ion  . 

5.  Obtain  an  analysis  of  the  impact  of  the  decision  upon 
species  of  interest. 

6.  Advance  time  by  any  desired  increment,  and  repeat  the 
procedure . 

7.  Continue  the  process  through  a  reasonable  time  span, 
and  obtain  an  analysis  of  accrued  impacts. 
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Repeat  the  process  until  the  implications 
of  the  decisions  are  known  and  the  results 
satisfactory. 


7.2.3.2  Mitigation 


Two  approaches  may  be  employed.  The  first  would  use 
observations  of  existing  situations,  similar  but  not  necessarily 
identical  to  recommended  mitigation,  as  indications  of  results 
to  be  expected.  The  second  would  employ  a  designed  array  of 
potential  mitigation  measures. 
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1.  Determine  the  array  (dimensions,  age,  vegetation, 
management  practices,  etc.)  of  potential  mitigation 
measures  of  interest. 


2.  Select  a  preliminary  set  of  examples  through  analysis 
of  historic  aerial  photos. 

3.  Confirm  suitability  through  ground  surveys. 

4.  Determine  abundance  and  use  intensity  by  species  of 
interest  in  each  site. 

5.  Relate  use  intensity  to  site  characteristics;  opti- 
mize for  species  of  concern. 

6.  Use  results  as  bases  for  specifying  permit  conditions. 

264 


7.  Monitor  results  and  adjust  specifications  accordingly. 

This  approach  could  be  implemented  immediately,  before 
permits  are  issued,  at  no  development  cost.  Results  could  be 
available  within  a  short  time,  probably  before  significant 
mining  development  occurs,  and  in  time  to  amend  outstanding 
permits  with  minimal  trauma.  There  would  be  no  opportunity  to 
design  a  well-balanced,  precise  experiment,  however.  Some 
conditions  would  be  under-represented  or  missing,  while  others 
would  be  over-represented.  Replications  and  experimental 
intervals  between  examples  would  thus  be  unequal  and  erratic, 
and  statistical  analyses  may  be  more  complicated  and  less 
powerful  than  in  the  following  alternative. 

Conditions  attached  to  mining  permits  provide  a  vehicle 
for:  1)  designing  an  experiment  in  alternative  mitigation  and 
implementing  it  as  part  of  the  mining-reclamation  operation,  or 
2)  entering  into  a  cooperative  agreement  with  a  permittee  under 
which  a  long-term  mitigation  program  could  be  conducted  and 
evaluated.  Under  this  approach,  the  following  steps  would  be 
taken : 


1.  Design  a  balanced  array  of  mitigation  alternatives, 
including  land  dedication  and  management  practices, 
that  would  provide  a  spectrum  of  conditions  signif- 
icant to  the  species  concerned  (particularly  bear 
and  bobcat) . 

2.  Include  specifications  for  the  array  as  part  of  permit 
conditions  or  under  a  cooperative  agreement  with  a 
permittee. 

3.  Implement  the  mitigation  plan. 

4.  Evaluate  resulting  conditions  in  terms  of  animal  use  or 
other  validator. 

5.  Determine  the  optimum  mitigation  plan,  based  on  results 
from  above. 

6.  Amend  existing  permits,  condition  future  permits, 
accordingly. 

This   approach   has   the   advantage  of   better  experimental 

design   and   simpler   and   more  powerful  statistical  analysis.  It 

incurs   significant   development   costs,  in  both  time  and  money, 
however . 
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7.2.3.3  Application 

The  recommendations  outlined  above  will  provide  a  firm 
factual  basis  for  addressing  the  most  critical  wildlife  habitat 
problems  associated  with  peat  mining  or  other  land  use 
conversions  on  the  peninsula.  Results  can  be  implemented  through 
permit  conditions  (mining;  Section  10,  Section  404;  CAMA ;  etc.), 
BMPs  and  general  educational  programs. 


266 


7.3  Upland  Water  Management 

7.3.1  Hydrology  of  Existing  Natural  Conditions 

7.3.1.1  Statement  of  the  Problem 

Large  sections  of  the  areas  potentially  available  for  peat 
mining  on  the  Albemarle-Pamlico  Peninsula  are  covered  in  natural 
pocosin  vegetation  (see  Appendix  10.1).  The  rate  and  variability 
of  the  runoff  from  these  areas  are  not  well  known,  either  from 
ditched  (1.5  mi.  blocks)  or  unditched  areas.  A  specific  problem 
is  the  lack  of  detailed  understanding  of  the  magnitude  and 
behavior  of  bank  storage  flow,  the  release  of  water  from  the 
banks  immediately  adjacent  to  a  canal  or  ditch  following  an 
infiltration  event.  Potential  runoff  from  agricultural  land  can 
be  estimated,  but  a  better  understanding  of  the  existing 
conditions  is  needed  for  accurate  assessment  of  the 
environmental  impacts  of  mining  or  otherwise  altering  natural 
pocosin  areas. 

7.3.1.2  Data  and  Information  Available 

Pocosin  areas  are  characterized  by  a  thick  porous  mat  of 
roots  and  decaying  vegetation  overlying  the  peat.  This  mat 
restricts  evaporation  from  the  peat  and  is  also  responsible  for 
rapid  interflow  of  rainfall.  Because  of  the  large  pores  in  the 
mat,  it  is  rarely  saturated.  During  rainfall  it  absorbs  water 
rapidly.  This  water  then  infiltrates  the  underlying  peat  at  a 
much  slower  rate  or,  if  the  peat  is  saturated  to  the  surface, 
flows  through  the  porous  mat,  fairly  rapidly,  to  the  nearest 
available  outlet.  Badr  (1978)  determined  hydraulic 
conductivities  of  this  layer  at  about  26  ft/hr  or  higher.  Runoff 
data  exist  from  a  previous  study  of  a  ditched  pocosin  area  (1/2 
mi  block)  (Skaggs  et  al.,  1980).  Water  table  depths  at  the 
center  of  the  same  block  are  also  available  for  about  three 
years. 

Another  distinctive  feature  of  the  pocosin  areas  is  the 
magnitude  of  the  effect  of  the  bank  storage.  Any  water  that  may 
be  released  into  a  ditch  or  canal  from  the  adjacent  banks  will 
tend  to  be  a  fairly  significant  percentage  of  the  total  water 
lost  from  a  field  by  subsurface  flow  following  a  rainfall  event. 
This  is  because  of  the  very  low  hydraulic  conductivity 
(approximately  0.008  in/hr)  of  the  peat  which,  in  general,  keeps 
the  subsurface  drainage  very  low  but  also  allows  the  bank 
storage  zone  to  "fill  up"  more  than  would  occur  in  a  mineral 
soil.  This  is  also  complicated  by  flow  through  the  porous  mat 
which  tends  to  "extend  the  bank  storage  effects"  farther  back 
from  the  ditches  than  would  normally  be  expected. 
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7.3.1.3  Recommended  Approach 

Various  modeling  techniques  need  to  be  investigated  in 
relation  to  this  problem,  which  previously  has  been  looked  at  on 
a  per  unit  area  basis.  Water  balances  at  a  point  have  been 
performed  by  Purisinsit  (1982)  using  the  DRAINMOD  computer 
model.  Solutions  to  the  water  balance  and  water  flow  equations 
need  to  be  found  over  an  area.  A  two-dimensional,  finite  element 
solution  technique  would  achieve  this.  The  hydrology  of  the  root 
mat  should  be  examined  closely.  A  technique  for  routing  flow 
through  the  root  mat  and  over  the  ground  surface  would  be 
desirable.  Also,  improved,  simpler  methods  of  routing  flows 
through  the  canal  systems  to  the  outlets  need  to  be  developed 
for  determining  the  impact  of  field  scale  changes  on  runoff 
reaching  estuaries. 

In  addition  to  the  modeling  approach,  a  number  of  field 
experiments  are  required  to  improve  data  for  the  models  as  well 
as  to  gather  information  to  improve  our  knowledge  and 
understanding  of  the  hydrologic  processes  in  these  areas:  1)  the 
characteristics  of  the  root  mat  need  to  be  analyzed;  2)  improved 
descriptions  of  the  root  mat's  depth,  conductivity  and  effect  on 
infiltration  to  the  peat  layer  underneath  are  required 
( inf iltrometer  experiments  are  suggested,  with  the  rings 
extending  to  the  peat  layer  beneath  the  root  mat);  3)  average 
rooting  depths  of  the  vegetation  should  be  determined  as 
valuable  inputs  to  the  modeling  effort;  and  4)  additional 
measurements  from  large  unditched  natural  areas  are  also  needed. 

7.3.2  Nutrient  Transformation  in  Canal  and  River  Networks 

7.3.2.1  Statement  of  the  Problem  '      " 

Good  data  exist  on  the  nutrient  and  sediment  losses  from  a 
mined  or  agricultural  area  at  the  field  edge  (Skaggs  et  al., 
1980).  However,  it  is  necessary  to  know  what  transformations 
take  place  within  canal  or  river  networks  draining  into 
estuaries.  This  would  enable  more  accurate  predictions  to  be 
made  of  the  effects  of  field  level  operations  on  the  ultimate 
receiving  waters. 

7.3.2.2  Data  and  Information  Available     '.  ' ;, 

Some  data  have  been  collected  by  Gregory  et  al .  (1984)  and 
PMA  (1982c,  1983f)  . 
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7.3.2.3  Recommended  Approach 

A  monitoring  network  along  several  existing  canals  being 
fed  from  a  number  of  different  land  use  types  would  be  required. 
Continuous  sampling  for  nutrients,  sediment  and  possibly  metals, 
herbicides  and  pesticides  following  rainfall  events  of  varying 
magnitudes  as  well  as  under  base  flow  conditions,  would  help 
answer  many  of  these  questions.  This  question  is  being 
investigated  to  a  limited  extent  by  Gilliam  et  al.  (1983). 

Data  obtained  in  these  studies  would  provide  input  to  the 
hydrodynamic/water  quality  component  of  the  estuarine  model 
discussed  in  section  7.1. 


7.3.3  Improved  Field  Data  and  Modeling  for  Actively  Mined  Areas 

7.3.3.1  Statement  of  the  Problem 

Development  of  better  field  runoff  measuring  techniques  is 
needed.  Existing  flow  measuring  techniques  (weirs  with  stage 
level  recorders)  are  prone  to  problems  (e.g.,  clogging, 
submergence) .  The  need  for  improved  field  data  for  both  model 
input  and  model  testing  is  particularly  great  for  the  actively 
mined  and  pocosin  areas.  The  present  modeling  work  for  these 
habitat-land  use  types  is  based  on  many  assumptions  which  should 
be  verified  or  updated. 

7.3.3.2  Data  and  Information  Available 

Flows  from  areas  under  active  mining  appear  to  be  much 
higher  than  flows  from  unmined  fields.  The  primary  reasons  are: 
1)  increased  compaction  from  heavy  machinery;  2)  improved 
surface  drainage  from  land  forming  and  extra  ditches;  3)  the 
removal  of  vegetation,  reducing  transpiration;  and  4)  the 
harvesting  of  the  dry  surface  layer  which  otherwise  functions  as 
a  "storage  reservoir"  for  subsequent  rainfall.  Current  modeling 
predicts  that  during  mining  the  average  annual  flow  from  a  field 
will  increase  by  about  35%  over  the  pre-mining  condition.  All  of 
this  increase  is  in  the  surface  runoff  component  which  is 
predicted  to  increase  by  up  to  130%  over  the  pre-mining  surface 
runoff  from  disturbed  (pasture)  lands  and  by  a  higher  percentage 
from  natural  pocosin  areas. 
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7.3.3.3  Recommended  Approach 


One  or  more  actively  mined  field  sites  should  be  monitored 
to  record  all  of  the  water  leaving  them.  One  possible  method 
would  require  the  use  of  some  form  of  unrestricted  outlet  from 
the  site  with  a  control  structure  through  which  all  water 
leaving  the  site  would  be  forced  to  pass.  Another  approach  would 
be  to  isolate  and  pump  all  of  the  water  leaving  the  site.  An 
effective  series  of  debris  and  sediment  traps  would  be  required 
upstream  of  the  control  structure  in  the  canal  or  field  ditch  to 
prevent  clogging  and  erroneous  results.  :,j 
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7.3.4  Wet  Reclamation  and  Perpetual  Pumping 
7.3.4.1  Statement  of  the  Problem 


Proposed  reclamation  plans  include  or  are  likely  to  include 
lakes  for  flow  regulation  or  areas  of  "wet  reclamation".  Many  of 
these  areas  will  require  pumping.  Models  should  be  developed 
that  are  capable  of  handling  areas  with  outlets  controlled  by 
weir  structures  or  pumps. 


7.3.4.2  Data  and  Information  Available 


I 


ESE  (1983),  using  the  SWMM  III  model,  incorporated  the 
storage  lake  proposed  by  PMA  into  the  system  modeled.  Both 
available  lake  storage  and  the  buffering  effect  of  the  lake  were 
considered.   The   outlet   from   the  lake  was  controlled  by  a  weir 

discharge  and  a  minimum  depth  below  which  there 
The  flood  routing  model  used  by  Gregory  et  al. 
capability  of  modeling  a  controlled  outlet 
feature,   however,   has   not  been  tested  on  the 


with  a  maximum 
was  zero  flow. 
(1984)  has  the 
situation.   This 


extremely  small  slopes  existing  on  the  peatlands. 
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7.3.4.3  Recommended  Approach 

Modifications  to  existing  models  may  be  used  to  analyze  the 
hydrologic  effects  of  pumped  outlets  on  flow  rates  from  mined  or 
reclaimed  areas.  The  modifications  would  be  required  in  the 
flood  routing  sections  of  the  models.  Inputs  to  these  sections 
would  come  from  estimated  water  losses  from  fields  either  on  a 
per  unit  area  basis  or  on  an  areawide  basis  as,  for  example, 
from  a  two-dimensional,  finite  element  model  of  the  soil  and 
water  system. 

For  wet  reclamation  or  lake  areas,  a  short  time  period 
water  balance  could  be  used.  If  inputs  to  the  lake,  outlet 
relationships  as  a  function  of  lake  depth,  and  the  lake  area  are 
known,  a  water  balance  can  be  determined  on,  for  example,  an 
hourly  basis.  This  would  give  the  expected  outflow  from  the  lake 
area  over  time.  The  variation  in  flow  rates,  as  well  as  total 
flows  on  a  monthly  or  annual  basis,  could  be  determined. 

Again,  data  from  these  studies  would  provide  input  to  an 
estuarine  model  (see  section  7.1),  enhancing  evaluation  of  the 
effectiveness  of  storage  lakes  in  reducing  negative  estuarine 
impacts  of  land  drainage. 


7.3.5  Wetland  Filter  Areas  for  Overland  Treatment  of  Runoff 

7.3.5.1  Statement  of  the  Problem 

The  use  of  wetland  buffer  areas  has  been  proposed  as  a 
method  for  the  treatment  of  agricultural  drainage  water 
(Governor's  Coastal  Water  Management  Task  Force,  1982).  The 
effectiveness  of  lagoons  and  wetland  filter  areas  for  removing 
nutrients  and  sediments  and  reducing  fresh  water  pulsing  from 
reclaimed  agricultural  areas  must  be  determined. 

7.3.5.2  Data  and  Information  Available 

Work  in  other  states  (Florida,  Minnesota,  Maryland  and 
Massachusetts),  primarily  on  municipal  wastewater  treatment,  is 
not  very  applicable  to  North  Carolina  conditions.  Previous 
research  projects  in  North  Carolina  (Kuenzler  et  al . ,  1980; 
Brinson  et  al.,  1981)  on  nutrient  removal  and  cycling  in  swamp 
ecosystems  were  conducted  on  different  soil  systems  and  under 
different  conditions  than  exist  on  the  Albemarle-Pamlico 
Peninsula.  A  number  of  farms  in  eastern  North  Carolina  are  using 
forested  wetlands  as  treatment  areas  for  agricultural  drainage 
water.  This  technique  is  highly  recommended,  especially  for 
areas  close  to  the  estuarine  receiving  waters.  Wetland  filters 
are  also  an  option  for  mined  areas  reclaimed  to  agriculture.  At 
this  time,  no  established  criteria  exist  for  determining  the 
size  of  buffer  areas,  although  the  Governor's  Coastal  Water 
Management  Task  Force  (1982)  has  recommended  broad  guidelines 
for   the   use   of   filter   areas   for  pumped  drainage  pending  the 
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development  of  precise  design  criteria.  Further  research  is 
needed  on  the  actual  effectiveness  of  wetland  buffers  for 
treatment  of  overland  runoff.  Gilliam  et  al.  (1983)  are 
currently  investigating  the  hydrologic  and  nutrient  removal 
characteristics  of  two  wetland  buffer  areas.  These  two  areas  are 
on  soil  types  and  in  locations  considered  typical  of  peatlands 
reclaimed  to  agriculture.  Preliminary  results  from  this  project 
are  exected  in  July,  1984. 


7.3.5.3  Recommended  Approach 


The   number 

of  locata 

ons  investigated  in  the  Gilliam 

et 

al. 

(1983)   project 

should  be 

increased  to  include  a  greater 

variety 

of   soil  and  vegetation  types.  This  project  should  be  expanded  to 

examine   vegetative   changes   in   buffer   areas  over  time 

and 

the 

effectiveness   of 

buffer 

areas   for   the   treatment  of  d 

rainage 

water.   The   rela 

tionships 

between  different  management  pr 
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ices 

in     drainage 

areas 

e.g.,    crop    rotations,    fer 

til 
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applications)   an 

d  the  required  buffer  area  specifications 
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be   investigated. 

Filtration  capabilities  of  wetland  buff 

ers 

for 

other   compounds 

including 

pesticides  and  metals  (if  used) 

sh 

DUld 

also  be  studied. 

Ongoing  and  proposed  studies  outlined  in  this  section  would 
provide  input  to  an  estuarine  model  (see  section  7.1), 
ultimately  enabling  resource  managers  to  evaluate  the  effects  on 
estuaries  of  the  use  of  wetland  buffer  areas  for  filtration  of 
drainage  waters. 


7.3.6  Effects  of  Peat  Mining  on  Groundwater  and  Saltwater 
Intrusion 


7.3.6.1  Statement  of  the  Problem 


The  effects  of  drainage 
surface  water  pumping  on  the 
interface    in   very   low   lying 


systems,  peat  harvesting  and 
location  of  the  fresh/saltwater 
areas   and   areas   adjacent   to 


estuaries  is  not  well  understood.  Specifically  this  issue  should 
be  investigated  in  areas  where  mining  could  extend  close  to  or 
below  sea  level. 


If  groundwater  pumping  is  to  be  required  for  construction 
dewatering  or  for  plant  process  water,  the  effect  on  the 
aquifers  should  be  investigated  more  thoroughly.  Particular 
concerns  include  effects  of  groundwater  withdrawals  on  local 
wells  and  the  potential  for  saltwater  intrusion  into  aquifers. 
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7.3.6.2  Data  and  Information  Available 

Theoretically,  for  every  foot  of  fresh  water  above  sea 
level,  40  feet  of  fresh  water  is  stored  below  sea  level  (if 
steady  state  conditions  are  attained).  Therefore,  any  action 
that  results  in  lowering  the  fresh  water  table  by  even  a  small 
amount  could  be  amplified  by  a  factor  as  high  as  40  in  its 
effect  on  the  groundwater  storage.  However,  the  fresh/saltwater 
interface  is  not  distinct  on  the  Albemarle-Pamlico  Peninsula. 
The  estuarine  water  varies  in  salinity  up  to  almost  fresh  in  the 
river  mouths  (Alligator,  Pungo) .  In  addition,  the  different 
hydraulic  conductivities  of  the  various  geologic  layers  tend  to 
obscure  the  exact  location  of  the  interface. 

The  peninsula  is  not  considered  an  area  of  significant 
groundwater  recharge,  based  on  work  by  Foutz  (1983).  He 
determined  the  recharge  rate  to  be  less  than  0.04  in/year.  Foutz 
did  not,  however,  consider  the  lowering  of  the  piezometric  head 
in  the  deep  aquifers  by  operations  such  as  phosphate  mining  in 
the  region.  While  such  operations  would  clearly  increase  the 
recharge  to  the  groundwater,  the  magnitude  of  the  effects  would 
probably  be  small.  This  could  be  investigated  in  the  modeling 
approach  suggested  below. 

Recent  groundwater  studies  by  Heath  (1975),  LBG  (1983)  and 
Foutz  (1983),  as  well  as  ongoing  studies  by  the  U.S.  Geological 
Survey,  have  been  inconsistent  in  their  estimates  of  aquifer 
depths  and  properties,  specifically,  aquifer  transmissivities.  A 
number  of  studies  have  been  performed,  including  those  mentioned 
above,  on  which  improved  modeling  investigations  of  the  effects 
of  peat  mining  operations  on  the  fresh/saltwater  interface  could 
be  based  (Henry,  1964;  Collins,  1971;  Shamir  and  Dugan,  1971). 


7.3.6.3  Recommended  Approach 

The  development  of  a  comprehensive  three  dimensional, 
finite  element  model  is  proposed.  All  available  data  from 
pumping  and  drill  logs  should  be  accumulated  for  the 
Albemarle-Pamlico  area.  Extra  drilling  should  be  planned  to  fill 
in  any  gaps  in  the  data  to  adequately  describe  the  geologic 
profile  as  well  as  to  resolve  any  contradictions  in  the 
available  data.  The  model  should  be  flexible  enough  to  address 
both  small  areas  of  development  (less  than  10,000  acres)  and  the 
peninsula  as  a  whole. 

The  U.S.  Geological  Survey  (U.S.G.S.),  in  addition  to 
conducting  a  monitoring  program,  is  in  the  process  of 
calibrating  a  groundwater  model  to  known  well  data  on  a  regional 
scale.  There  appears  to  be  a  good  potential  for  the  U.S.G.S. 
work  to  answer  many  of  the  regional  groundwater  questions  raised 
by  this  project. 
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7.4  Hurricane  Flooding 

7.4.1  Statement  of  the  Problem/Data  and  Information  Available 

The  low  relief  terrain  along  the  North  Carolina  coast  and 
surrounding  the  state's  major  estuaries  is  subject  to  periodic 
inundation  by  high  water  associated  with  onshore  wind  tides. 
Onshore  winds  associated  with  hurricanes  can  drive  massive 
quantities  of  saline  waters  into  the  estuaries,  up  coastal 
rivers  and  over  adjacent  low-lying  lands.  Similar  flooding  can 
occur  if  floodwaters  feeding  into  the  estuaries  from  upstream 
drainage  systems  are  met  by  onshore  winds  and  are  prevented  from 
draining  into  the  open  ocean.  The  following  statements  regarding 
the  effects  of  such  flooding  are  based  on  Wilder,  Robison  and 
Lindskov's  1978  study  of  the  water  resources  of  northeastern 
North  Carolina  (Wilder  et  al.,  1978),  with  only  minimal 
modification  to  include  peat  mining  as  a  possible  land  use. 

The  possibility  of  flooding  is  an  important  consideration 
in  planning  land  use  on  the  Albemarle-Pamlico  Peninsula.  As  the 
low-lying  areas  are  cleared  and  drained  for  agriculture,  or  if 
peat  is  removed,  further  lowering  the  ground  surface,  the 
likelihood  of  major  economic  losses  caused  by  wind-driven 
floodwaters  increases.  Freshwater  flooding  would  cause  immediate 
damage  to  crops  and  to  other  land  uses,  and  delays  in  drainage 
would  impede  recovery.  Wind  tides  associated  with  hurricanes  or 
other  major  onshore  storms  are  likely  to  transport  salt  water 
that  will  destroy  growing  crops  and  may  create  an  undesirable 
soil  environment  for  long  periods  of  time  after  floodwaters  have 
receded.  Under  natural  conditions  the  deleterious  effects  of 
inundation  by  saline  waters  are  minimized  because  the  high  fresh 
water  table  impedes  the  percolation  of  these  floodwaters  into 
the  soil  zone.  Man-made  drainage  systems,  however,  can  directly 
or  indirectly  effectively  lower  this  water  table.  As  a  result, 
during  storms  floodwaters  may  infiltrate  the  enlarged 
unsaturated  zone  (where  evaporation  and  ion-exchange  processes 
can  concentrate  the  salts  in  the  soil  zones)  in  larger  portions 
of  the  land. 

In  addition,  removing  peat  from  large  tracts  of  land  will 
create  extensive  depressional  landscapes.  These  depressional 
features  may  hold  floodwaters  for  long  periods  of  time, 
depending  on  pump  capacity.  Concentrations  of  salts  in  soils  can 
be  removed  by  leaching  with  fresh  water  and  surficial  treatment 
with  lime  and  gypsum,  but  the  loss  of  the  use  of  the  land  for 
agriculture  for  one  or  more  years  is  possible. 

Prediction  of  the  frequency  with  which  a  given  location  is 
likely  to  be  flooded  with  water  from  the  estuaries  or  sounds  is 
inexact  because  of  the  almost  infinite  number  of  possible 
combinations  of  wind  direction  and  velocity,  shoreline 
configuration  and  fetch,  as  well  as  the  effects  of  vegetation 
and  man-made  structures  in  impeding  free  advancement  of  a  wave. 
Some  idea  of  the  severity  of  the  problem  can  be  obtained  from 
Figure   7.4A,   on   which  are  delineated  approximate  boundaries  of 
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wind-tide  floods  likely  to  be  equalled  or  exceeded  50%  and  1%  of 
the  years.  By  "exceeded"  is  meant  that  inundation  of  an  area  at 
least  as  great  as  that  shown  is  likely  every  other  year  on  the 
average  at  the  50%  probability,  and  once  every  hundred  years  on 
the  average  at  1%  probability.  These  are  average  frequencies 
over  long  periods  of  time,  and  no  specific  interval  between  two 
consecutive  events  is  implied.  A  flood  with  a  1%  chance  of 
occurring  in  any  year  will  cover  a  large  part  of  the  study  area. 
However,  all  of  the  area  with  an  equal  chance  of  being  flooded 
at  a  given  frequency  will  seldom,  if  ever,  be  flooded  by  the 
same  storm.  For  example,  strong  southerly  winds  may  cause 
inundation  along  the  northern  shorelines  of  a  body  of  water, 
while  actually  lowering  water  levels  along  the  southern 
shorelines . 

It  is  important  also  to  qualify  the  accuracy  of  Figure 
7.4A.  The  boundary  outlining  the  area  inundated  by  a  flood  with 
a  1%  chance  of  exceedance  was  transferred  directly  from 
flood-prone  area  maps  available  from  the  U.S.  Geological  Survey. 
The  lines  on  the  maps  are  general  and  are  not  as  detailed  as 
those  appearing  on  the  large-scale  flood-prone  maps.  More 
accurate  data  are  available  from  the  Geological  Survey  and  from 
floodplain  information  studies  completed  by  the  U.  S.  Army  Corps 
of  Engineers.  The  flood  with  a  50%  chance  of  exceedance  was 
sketched  on  the  large-scale  flood-prone  area  maps  using  a  flood 
stage  from  2.5  to  3.5  feet  below  the  flood  outlined  as  having  a 
1%  chance  of  exceedance.  These  maps  are  based  only  on  wave 
heights  and  land  elevation,  with  no  consideration  of  the  damping 
effect  of  dense  vegetation  or  man-made  structures,  and  thus  the 
maps  tend  to  overestimate  the  extent  of  inundation. 

The  National  Flood  Insurance  Administration  is  currently 
working  on  a  series  of  detailed  elevation  maps  for  a  large 
portion  of  the  North  Carolina  Coastal  Plain.  These  maps  will 
include  flood  boundary  lines  for  numerous  intensities  of  storms. 

7.4.2  Recommended  Approach 

To  determine  the  extent  of  this  problem,  the  following 
steps  should  be  taken: 


1.  Develop  a  new  series  of  detailed  large  scale  flood-prone 
area  maps,  based  on  new  land  elevations,  as  determined  by 
the  amount  of  peat  that  potentially  could  be  removed  from 
peat  deposits  in  the  region. 

2.  If  the  hypothetical  removal  of  peat  from  a  given  deposit 
increases  the  susceptibility  to  flooding,  the  underlying 
sediments  should  be  examined  to  determine  their  potential 
for  floodwater  infiltration. 
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3.  If  certain  areas  are  found  to  be  underlain  with  highly  porous 
and  permeable  sediments  that  would  allow  rapid  infiltration, 
this  factor  would  have  to  be  taken  into  consideration,  either 
in  the  decision  to  allow  mining  in  the  area,  or  in  the 
proposed  post-mining  reclamation  plans. 
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7.5  Natural  Area  Inventory 

7.5.1  Statement  of  the  Problem/Data  and  Information  Available 

The  North  Carolina  Coastal  Plain  contains  about  one  million 
acres  of  wetland.  Over  the  years  many  aspects  of  this  ecosystem 
have  been  studied  by  the  scientific  community,  yet  no 
comprehensive  picture  of  a  single  wetland  has  ever  been 
developed.  Little  is  truly  known  of  the  biotic  and  abiotic 
components  of  these  wetlands.  In  addition,  the  processes  that 
brought  about  their  origin  and  development  and  which  now  control 
their  maintenance  are  poorly  understood.  Where  and  how  the 
wetlands  fit  into  the  overall  natural  scheme  of  the  Coastal 
Plain  is  not  known  (Richardson,  1981;  Ash  et  al.,  1983). 

Many  of  the  large  wetland  tracts  in  the  state,  including 
the  Green  Swamp,  Holly  Shelter,  Angola  Bay,  Hofmann  Forest, 
Croatan  National  Forest,  Alligator  River  National  Wildlife 
Refuge  and  the  Dismal  Swamp  are  either  partially  or  entirely 
under  state,  federal  or  private  conservational  ownership.  These 
areas  are  at  least  partially  protected,  and  are  generally 
readily  available  for  scientific  research.  The  series  of  wetland 
tracts  associated  with  the  Alligator  River  drainage  basin  in 
Dare,  Hyde,  Tyrrell  and  Washington  Counties  is  the  largest  and 
most  unique,  in  terms  of  its  origin  and  complex  nature,  in  the 
state.  This  system,  because  of  its  overall  size  and  remoteness, 
has  been  relatively  inaccessible  for  research  and,  consequently, 
is  the  least  understood  of  the  North  Carolina  wetlands. 

Despite  the  March,  1984,  gift  of  120,000  acres  in  Dare  and 
Tyrrell  Counties  to  the  federal  government  to  create  the 
Alligator  River  National  Wildlife  Refuge,  much  of  the  land  in 
the  Alligator  River  drainage  basin  is  still  in  private  ownership 
and  has  been  exploited  to  a  much  greater  extent  than  the  other 
large  wetlands  in  the  state.  In  a  sense,  it  is  the  exploitation, 
and  especially  the  recent  development  of  extensive  drainage 
systems  and  clearing  of  the  land,  that  has  opened  the  area  for 
research.  In  the  past  ten  years,  this  four-county  area  has  been 
the  focus  of  several  large-scale  overview  studies,  including 
Heath's  1975  work  on  the  hydrology  of  the  region;  Daniel's  1978 
work  on  the  land  use,  land  cover  and  drainage  of  the  area; 
Ingram  and  Otte's  1982  report  on  the  peat  deposits  located  in 
the  drainage  basin;  a  series  of  county  natural  area  reports  by 
McDonald  and  Ash  (1981)  for  Tyrrell  County,  Peacock  and  Lynch 
(1982a)  for  Dare  County,  and  Lynch  and  Peacock  (1982a  and  1982b) 
for  Hyde  and  Washington  Counties;  and  Lukin  and  Mauger ' s  1983 
environmental  geologic  atlas  of  the  four-county  area,  which 
includes  maps  of  the  soils,  drainage  systems,  land  use  and  land 
cover,  based  on  previous  studies  and  on  analyses  of  aerial 
photographs. 

The  development  of  this  region  has  been  proceeding  at  such 
a  rapid  pace  that  the  scientific  community  rarely  has  the  time 
or  funding  to  achieve  an  understanding  of  the  natural 
significance    of   an   area   before   it   has   been   substantially 
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altered.  Many  questions  concerning  these  wetlands  should  be 
answered  before  they  are  irreparably  disturbed.  The  majority  of 
the  wetlands  associated  with  the  Alligator  River  drainage  basin 
has  already  been  altered  to  varying  degrees.  Most,  if  not  all, 
of  the  forested  tracts  have  been  cut  at  least  once.  Large 
portions  have  been  ditched  and  are  being  drained  in  an  attempt 
to  prepare  the  land  for  agriculture,  silviculture  or  peat 
mining.  Roads  and  drainage  canals  cross  the  paths  of  natural 
surface  and  subsurface  water  flow  and  have  effectively  altered 
the  water  regime  in  numerous  areas. 

Large  portions  of  the  Alligator  River  drainage  basin  now 
support  either  second  growth  swamp  forest  or  shrub-dominated 
pocosin  systems.  No  attempt  has  ever  been  made  to  reconstruct 
the  original  vegetational  systems  to  determine  how  the  wetlands 
have  responded  to  alterations  by  man.  It  is  not  known  how  the 
present  swamp  forests  resemble  the  original  forests.  If  any  last 
vestiges  of  virgin  forests  do  exist,  they  have  not  been  located. 
The  pocosins  are  either  primary  natural  systems  or  secondary 
systems  that  developed  on  cut-over  land.  No  study,  however,  has 
attempted  to  differentiate  the  two.  No  comprehensive  survey  has 
been  undertaken  to  determine  the  presence,  location  or  size  of 
populations  of  threatened  or  endangered  plant  or  animal  species, 
unique  habitats,  communities  or  disjunct  systems. 

The  Alligator  River  drainage  basin  covers  hundreds  of 
square  miles  of  land.  This  system  contains  tracts  of  wetland,  up 
to  tens  of  thousands  of  acres  in  size,  that  respond  to  different 
environmental  factors.  The  physical,  chemical  and  biological 
parameters  of  these  tracts  are  poorly  understood.  It  is  not 
known  how  attempts  at  draining,  clearing  and  developing  portions 
of  a  single  tract  will  influence  the  dynamics  of  the  remaining 
undisturbed  portions.  The  boundaries  of  these  tracts  are  not 
even  accurately  delineated. 

7.5.2  Recommended  Approach 

Before  an  area  such  as  the  Alligator  River  drainage  basin 
is  developed  so  extensively  that  it  can  no  longer  be  considered 
natural,  an  attempt  should  be  made  to  determine  if  the  basin 
contains  areas  that  are  in  some  way  unique,  in  terms  of 
biological,  hydrological ,  geological,  pedological,  chemical  or 
other  natural  aspects  of  the  system. 

A  tremendous  amount  of  work  would  be  required  to  develop  a 
comprehensive  understanding  of  the  natural  qualities  of  the 
Alligator  River  drainage  system  and,  in  particular,  the  regions 
that  are  prime  candidates  for  development.  Thus  far,  essentially 
all  research  has  been  restricted  to  areas  of  easy  access, 
meaning  areas  that  have  already  undergone  some  degree  of 
disturbance.  The  areas  that  are  least  disturbed  and,  thus,  least 
accessible,  have  been  ignored.  These  undisturbed  areas,  however, 
are  the  locatic.is  in  which  discovery  of  natural  features  worthy 
of  preservation  is  most  likely. 
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A  broad  data  base,  including  maps  and  several  series  of  top 
quality,  recent  aerial  photographs  that  cover  the  entire 
four-county  region,  is  available.  A  comprehensive  survey  should 
be  undertaken  using  these  maps  and  photographs  to  locate  areas 
of  possible  interest.  Once  these  areas  are  differentiated,  they 
must  be  analyzed  first  hand  to  determine  their  overall 
significance.  The  following  steps  should  be  taken: 


1.  A  team  of  multidiscipl ined  field  scientists  with  a  good 
working  knowledge  of  ecology,  botany,  zoology,  pedology, 
hydrology  and  basic  geology,  and  capable  of  getting 
into  these  areas,  must  be  assembled. 

2.  A  standardized  field  inventory  and  classification  system 
must  be  adopted.  This  would  assure  that  all  work  is 
comprehensive,  such  that  no  natural  process  or  feature 
is  overlooked,  and  that  all  work  is  comparable. 

3.  A  standardized  set  of  criteria  for  determining  the 
significance  of  each  area  investigated  must  be 
established.  These  criteria  could  then  be  used  to 
determine  the  best  of  what  is  found. 

4.  A  priority  rating  system  must  be  developed,  including 
significance  priority,  protection  priority  and 
management  priorities,  in  order  that  sites  deemed  of 
some  importance  can  be  fitted  not  only  into  the 
natural  realm,  but  also  into  the  human  realm. 
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7.6  Air  Quality 

7.6.1  Statement  of  the  Problem/Data  and  Information  Available 

Expansion  of  peat  mining  and  processing  from  the  scale  of 
Scenario  #1  (see  sections  5.2.2  and  6.4)  to  that  of  Scenario  #2 
(see  sections  5.2.3  and  6.4)  has  the  potential  to  increase 
associated  air  pollutant  emissions  by  about  a  factor  of  eight. 
This  could  lead  to  transgressions  of  air  quality  standards  that 
are  not  jeopardized  by  the  lower  scale  of  development  of 
Scenario  #1.  The  pollutants  of  greatest  concern  are  particulates 
and  SO2. 

The  initial  PMA  analysis  of  air  quality  impacts  of  a 
peat-to-methanol  plant  processing  approximately  500,000  dry  tons 
of  peat  annually  (equivalent  to  the  methanol  production  assumed 
in  Scenario  #1,  Area  1)  indicated  that  there  should  be  no 
significant  air  quality  degradation  with  such  an  operation  (RGH, 
1982).  However,  the  potential  impact  of  an  eight-fold  or  greater 
expansion  (as  described  in  Scenario  #2,  Areas  1  and  3)  has  not 
been  evaluated,  largely  because  of  the  site  specific 
requirements  of  any  air  quality  modeling  efforts.  Such  complex 
and  expensive  modeling  is  not  required  by  state  permitting 
procedures  nor  is  it  in  an  operator's  self  interest,  given  the 
hypothetical  nature  of  such  models  not  tied  to  specifically 
planned  developments.  Yet  without  such  modeling  it  is  very 
difficult  to  project  the  air  quality  impacts  of  large-scale  peat 
mining  and  conversion.  Model  validation  is  also  currently 
lacking. 


7.6.2  Recommended  Approach 

Figure  7 . 6A  shows  isopleths  of  incremental  additions  to 
particulate  concentrations  (annual  averages)  in  air  resulting 
from  a  peat-to-methanol  conversion  plant  processing  500,000  dry 
tons  of  peat  per  year  (Scenario  #1,  Area  1).  The  data  were 
provided  by  Koppers  Company  and  were  used  in  PMA ' s  air  quality 
permit  application.  Fugitive  dust  emissions  from  peat  mining, 
transportation  and  away  from  plant  storage  are  not  included  in 
these  predictions.  Contours  for  S0„  are  similar  but  about 
half  the  predicted  particulate  concentrations.  In  Figure  7.6B, 
the  incremental  particulate  concentrations  are  estimated  for  an 
eight-fold  increase  in  methanol  production.  The  assumption  was 
made  that  each  of  four  facilities  would  emit  twice  the 
particulates  of  the  Scenario  #1  plant  and  that  the  four  plants 
were  widely  spaced  as  shown.  For  comparison,  the  allowable  PSD 
(Prevention  of  Significant  Deterioration)  increment  for 
particulates  in  Class  II  areas  is  19  >ftg/M  . 

This   cursory  analysis  suggests  that  an  eight-fold  expansion 
of    peat-to-methanol    conversion    plants    would    keep   added 
particulate     increments    (and    SO-    increments)    within 
permissible   levels.  The  short  term  (e.g.,  24-hour)  average  added 
increments    is   not   so   easily   estimated   and   might   approach 
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permissible  limits.  It  would  be  of  value  to  model  air  quality 
impacts  at  this  level  of  time  resolution  if  long-term  peat 
mining  impacts  are  to  be  assessed.  However,  because  of  the 
sequential  incremental  development  of  peat  processing  plants  and 
the  individual  separate  permitting  process  for  each,  no  single 
plant  would  transgress  air  quality  standards  because  each  has  an 
individually  applied  PSD  increment  within  a  higher  absolute  air 
quality  standard.  If,  however,  peat  mining  in  the  region  is 
considered  to  be  a  single  air  pollutant  source  (or  the 
developments  of  a  single  owner/operator  are  so  considered) ,  then 
allowable  increments  should  not  be  applied  to  each  single 
facility  as  it  comes  on  line  (i.e.,  a  bubble  approach  is 
required).  This  would  require  that  state  regulatory  agencies 
change  the  way  they  evaluate  the  air  quality  impacts  of 
facilities  that  develop  sequentially. 

More  important  from  an  air  quality  perspective  is  the 
problem  of  mining  itself  as  a  source  of  particulates.  The  air 
quality  model  calculations  from  mining  operations  on  the  scale 
of  Scenario  #1  do  not  predict  transgressions  of  particulate 
standards  at  off site  locations.  However,  the  emission  rates  on 
which  the  model  calculations  are  based  are  highly  uncertain  and 
possibly  unrealistically  low.  There  is  an  urgent  need  to 
determine  fugitive  dust  emission  rates  under  the  actual 
conditions  proposed  for  milled  peat  mining  as  well  as  the  impact 
of  any  control  and  amelioration  methods.  The  studies  required  to 
better  define  these  emission  rates  need  not  wait  for  actual 
mining  to  begin.  The  state  Division  of  Environmental 
Management's  (DEM)  permitting  process  might  require  such  studies 
of  the  already  permitted  mining  companies  without  waiting  for 
post  hoc  monitoring  results  after  commencement  of  mining.  Test 
plots  on  First  Colony  Farms  (PMA)  permitted  property  have 
already  been  of  use  in  evaluating  the  impacts  of  mining  on  water 
quality.  An  analogous  test  system  to  evaluate  dust  emission 
rates  and  mitigative  measures  would  seem  to  be  feasible,  at  a 
reasonable  cost,  borne  by  one  or  more  of  the  already  permitted 
mining  companies. 

Because  air  quality  permits  are  renewable  yearly,  such 
requirements  could  be  readily  incorporated  in  the  near  future. 
OEM's  Air  Quality  Section  seems  cognizant  of  these  problems  and 
is  encouraging  a  local  monitoring  network  to  evaluate  fugitive 
dust  emissions. 

Because  of  the  low  height  (as  contrasted  with  a  processing 
plant  smoke  stack)  at  which  fugitive  dust  emissions  will  occur, 
their  impact  is  likely  to  be  very  local  and  limited  to  areas 
immediately  adjacent  to  mined  lands.  As  a  result,  the 
contributions  to  air  quality  degradation  of  individual  mining 
operations  will  be  largely  independent  and  non-additive.  The 
need  for  multiple  source  modeling  which  exists  for  stack 
emission  point  sources  is  probably  absent. 


282 


uj     o 

O    J-i  >« 

o 
en  "O 

j:    0)  a) 

OJ     4-1  N 

cu    y  -H 

T-H  -H  tn 
a.  T) 

o    at  01 

w    >-  £ 


S-i 
3 
OQ 


283 


cs  en  cA  tf) 

at  01  a;  01 

p  ^  im  ^ 

u  u  u  u 

Q  C7  (0  CQ 

o  o  o  o 

o  o  o  o 

o  o  o  o 


O      m     \0     f^ 
ri      ,-(      tM      1-1 

5-1 

Tn 

nP3 

"' 

n 

/< 

-" 

/ 

L^ 

IzdIL 

UCJ 

jH        CM       <^       <• 


CD 
< 


10 

01 

< 


01 

l-l 

< 


;5 


-p 

(Q  S 

C  «-<  X 

O    O  ->J 

^     CQ  :-i 

QUO 

+3    -P  C 

C   ^  N 

CJ   (H  -H 

C    O 

o   CD  a 


O  r-t 
-J    O 

s.  = 
iH  et 
3  X 
O  -tJ 
^    O 

•p  e 
h  I 
o  o 

CU-r» 
I 

a  n  CO 

o    o  -P 
h    C.  C 

o         a 

>    >»rH 
C  .2    S. 


O 

o 
s 


o. 

>» 
(-t 

■p 

■p 
a 

CO 


r-l  -C 

e   V 

s  rs 
c  t: 
s  e 

a 

O 

o 

U   -P 

U  C 
iH  ^ 

a  o 
S:3 


3 
O 


o 

c 
c 

u 

3 

o 


3 

W        i 

o 


0.  e 


3 

00 


=-5 


*  2 
^^ 

o  P 


28A 


7.7  Solid  Wastes 

7.7.1  Statement  of  the  Problem/Data  and  Information  Available 

Peat  on  the  Albemarle-Pamlico  Peninsula  contains  on  a  dry- 
weight  basis  approximately  6-10%  ash.  If  oxidized  completely,  as 
in  direct  combustion  or  in  conversion  to  methanol,  peat  produces 
very  large  quantities  of  ash  or  slag  residues  requiring 
disposal.  Peat  thus  shares  many  properties  with  coal  in  terms  of 
the  volume  and  composition  of  its  combustion  wastes.  The  output 
from  a  methanol  plant  producing  60  million  gallons  of  methanol 
per  year  has  been  estimated  at  approximately  one  million  cubic 
feet  of  non-hazardous  waste  per  year  (PMA,  1983h) .  Greatly 
expanded  peat  to  methanol  conversion  as  described  in  Scenario  #2 
(see  section  5.2.3)  would  produce  up  to  seven  million  cubic  feet 
of  non-hazardous  solid  waste  per  year.  Such  volumes,  if  disposed 
of  offsite  as  planned,  would  require  great  expansion  of  existing 
solid  waste  disposal  capabilities  on  the  peninsula. 

In  order  to  accommodate  the  solid  wastes  generated  by  a 
plant  producing  60  million  gallons  of  methanol  annually  in 
Washington  County,  the  county's  sanitary  landfill  would  need  to 
be  expanded.  Because  the  landfill  is  currently  located  on  leased 
property  and  operated  by  an  independent  operator,  the  capacity 
for  expansion  on  the  larger  scale  of  Scenario  #2  is  not  certain 
and  must  be  determined. 

Preliminary  tests  of  ash  produced  during  pilot  scale 
simulations  of  peat-to-methanol  conversion  have  shown  them  to  be 
rightly  characterized  as  non-hazardous.  However,  these  tests  did 
not  collect  the  smallest  ash  particles  which  are  likely  to 
contain  the  highest  concentrations  of  some  toxic  trace  elements. 
As  a  consequence,  leachates  from  ash  by-products  have  not  been 
accurately  characterized,  with  a  probable  underestimate  of 
leachable  toxic  metal  concentrations.  In  addition,  most  of  the 
leachate  tests  were  performed  at  pH  levels  higher  than  would  be 
expected  in  percolating  groundwater  or  local  surface  waters  in 
which  disposed  ash  is  likely  to  be  in  contact.  As  a  consequence, 
predicted  leachable  metal  concentrations  were  further 
underestimated.  Finally,  the  leachability  of  phosphorus  from 
simulated  ash  was  not  determined. 

The  question  of  leachability  is  important  because  leached 
metals  (or  other  elements)  could  enter  groundwaters  flowing  from 
the  disposal  site.  In  addition,  surface  water  contamination 
could  result  if  onsite  ash  disposal  by  land  application  (as  a 
soil  amendment)  or  as  roadfill  is  utilized  as  an  alternative 
disposal  approach.  Leachable  phosphorus  in  appreciable 
quantities  would  add  to  nutrient  loads  in  runoff,  increasing  the 
potential  for  eutrophication  of  receiving  waters.  However,  based 
on  evidence  derived  from  coal  ashes,  the  ash  contribution  to 
phosphorus  concentrations  in  runoff  is  not  likely  to  be  large. 
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7.7.2  Recommended  Approach 

There  are  thus  two  potential  problems  in  solid  waste 
disposal  which  will  need  solution  before  large  scale  utilization 
of  peat  in  combustion  processes  can  occur:  1)  further 
characterization  of  the  properties  of  leachates  of  real  peat 
combustion  ashes  and  2)  selection  and  evaluation  of  disposal 
sites. 

Further  characterizations  of  peat  combustion  ashes  should 
include  analysis  of  the  very  finest  ash  particles  which  were  not 
collected  in  PMA ' s  study  (1983h)  but  which  will  be  collected 
(e.g.,  by  electrostatic  precipitators)  in  an  operational 
peat-to-methanol  plant.  These  fine  ashes  are  likely  to  contain 
higher  concentrations  of  many  trace  elements  and  toxic  metals  in 
a  more  soluble  form  than  those  sampled  by  PMA  (1983h) . 
Phosphorus  in  leachates  of  these  ashes  should  be  measured. 
Leaching  studies  should  be  conducted  at  the  low  pH  (3.5  to  5) 
occurring  naturally  in  surface  drainage  and  perhaps  with  the 
associated  high  concentrations  of  humic  and  fulvic  acids  which 
can  readily  complex  many  trace  metals  and  increase  their 
leachability  from  ashes.  Leachability  under  anoxic,  low  redox 
potential  conditions  characteristic  of  groundwaters  contacting 
landfills  would  also  be  useful. 

These  tests  could  be  performed  before  actual  operation  of  a 
peat-to-methanol  conversion  plant  began.  Once  such  a  plant  has 
begun  operating,  real  ash  and  other  solid  waste  could  then  be 
evaluated,  providing  information  needed  to  assess  larger  scale 
peat  mining  for  methanol  production  as  hypothesized  in  Scenario 
#2. 

If  direct  combustion  of  peat  for  thermal/electric 
generation  is  planned  as  another  end  use  of  mined  peat,  separate 
evaluation  of  resultant  ashes  and  other  solid  wastes  will  be 
required,  as  the  ashes  produced  will  likely  differ  somewhat  from 
those  resulting  from  the  peat-to-methanol  conversion  process. 

Most  of  these  solid  waste  characterization  studies  could  be 
carried  out  as  part  of  the  normal  pre-operational  permitting 
process,  without  the  need  for  special  research  programs.  They 
require,  however,  an  understanding  of  the  chemical  environments 
(e.g.,  low  pH  and  redox  potential  and  high  dissolved  organic 
content)  of  probable  disposal  sites  in  eastern  North  Carolina. 
Such  characterization  studies  could  be  incorporated  in  future 
permitting  requirements. 

Site  selection  and  evaluation  for  solid  waste  disposal 
should  be  given  more  consideration  by  both  the  operating 
companies  and  the  state  regulatory  agencies.  The  ash  materials 
resulting  from  peat  combustion  differ  greatly  from  the  usual 
materials  disposed  of  in  municipal  sanitary  landfills.  Methods 
of  disposal  applied  to  the  latter  will  not  be  appropriate  for 
peat  ashes.  Coal  ash  disposal  methods  would  provide  a  better 
model.    The    potential    for    groundwater   and   surface   water 
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contamination  by  trace  elements  leaching  from  buried  ashes  can 
not  be  evaluated  until  the  ash  leachates  have  been  better 
characterized,  as  previously  discussed. 

The  limited  vertical  topographic  relief  of  the  Coastal 
Plain,  in  association  with  the  highly  porous  sandy  soils  and 
shallow  water  tables,  limits  the  availability  of  good  landfill 
sites.  This  may  create  problems  if  ash  leachates  are 
significantly  more  hazardous  than  initially  predicted.  Certainly 
the  disposal  sites  selected  should  be  well  characterized  in 
terms  of  their  appropriateness  for  this  class  of  solid  waste. 
Utilization  of  the  Washington  County  landfill  could  prove 
complicated  if  leachate  problems  develop  as  the  liable  party 
responsible  for  remedial  action  is  not  clearly  defined.  Is  it 
the  waste  producer,  Washington  County,  the  private  property 
owner  of  the  site  or  the  private  waste  disposal  contractor? 

Disposal  of  non-hazardous  wastes  onsite  would  clarify  this 
responsibility  issue.  The  use  of  solid  waste  for  agricultural 
land  treatment  or  roadfill  as  an  alternative  to  offsite  disposal 
should  be  encouraged,  along  with  the  necessary  studies  of  the 
safety  and  feasibility  of  such  an  approach.  This  could  readily 
be  incorporated  as  a  requirement  in  the  normal  state 
pre-operational  permitting  process. 

Moreover,  onsite  disposal  would  obviate  the  problem  of  the 
large  volumes  of  solid  waste.  It  is  unlikely  that  the  Washington 
County  landfill  or  other  municipal  landfills  in  the  region  have 
the  capacity  to  accept  the  seven  million  cubic  feet  per  year  of 
waste  that  is  estimated  for  the  methanol  production  rate  by  year 
20  described  in  Scenario  #2  (see  section  5.2.3.7). 
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7.8  Local  Economics  '■ 

7.8.1  Statement  of  the  Problem 

The  analysis  of  the  socioeconomic  impacts  of  the  scenarios 
(section  6.7)  must  be  considered  a  preliminary  estimate  because 
it  is  based  on  1)  secondary  data  currently  available  for  the 
area  or  2)  data  developed  in  studies  of  mining  in  other  parts  of 
the  country. 

In  addition,  it  was  not  possible  within  the  time  and 
resource  limitations  of  this  project  to  examine  possible 
economic  losses  in  the  recreation,  tourism  and  commercial  and 
sport  fishing  sectors  of  the  economy  due  to  peat  mining.  In  the 
section  on  estuarine  impacts,  approaches  for  estimating 
hydrodynamic  and  biological  impacts  are  described.  If 
harvestable  finfish  and  shellfish  stocks  and  flows  are  found  to 
be  impacted  by  peat  mining,  net  economic  returns  of  the 
commercial  fishing  sector  may  be  affected.  Economic  returns 
generated  by  sports  fishermen  may  also  be  affected  if  the 
probability  of  catch  affects  their  expenditures.  Recreation  and 
tourism  may  be  impacted  for  similar  reasons  and,  in  addition, 
are  tied  to  the  overall  level  of  environmental  quality  in  the 
region.  Research  is  also  needed  on  the  economic  impact  of 
wildlife  habitat  changes  on  activities  such  as  hunting  and  bird 
watching . 

Another  concern  is  the  potential  adverse  fiscal  effect  of 
peat  mining  upon  some  county  and  city  governments  in  the  area 
surrounding  the  peat  mining  facility.  Two  basic  concerns  are: 
1)  that  the  benefits  of  peat  mining  will  not  be  distributed  to 
city  and  county  governments  in  proportion  to  the  costs  incurred 
(the  distribution  issue)  and  2)  that  revenues  accruing  to  local 
governments  from  peat  mining  will  lag  cost  incidence,  thus 
leading  to  short-run  cash  flow  problems  (the  revenue-lag  issue) . 
The  demand  for  governmental  services  (e.g.,  water  supply, 
wastewater  disposal,  solid  waste  disposal  and  education) 
generated  by  the  immigration  of  individuals  and  families  into 
the  area  to  work  at  the  peat  mining  facility  (or  to  serve  people 
who  do)  may  result  in  governmental  deficits  that  lead  to 
increased  tax  rates  or  reduced  quality  of  services  for  current 
residents. 


(1)   revenues 
will  be 
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7.8.2  Data  and  Information  Available 

PMA  (1983g)  has  analyzed  the  socioeconomic  impacts  of  a 
peat-to-methanol  plant  processing  approximately  500,000  (dry) 
tons  of  peat  per  year. 

Information  in  sufficient  quantity  is  not  currently 
available  to  model  the  cost  and  revenue  impacts  of  peat  mining 
at  different  scales  on  city  and  county  governments.  PMA  (1983g) 
assessed  in  a  general  way  the  adequacy  of  services  and  the 
availability  of  excess  capacity  to  serve  larger  populations  in 
affected  areas.  However,  cost  estimates  for  services  were  not 
developed.  Further,  a  more  detailed  analysis  is  required  to 
estimate  the  fiscal  impact  upon  all  affected  individual  cities 
and  individual  counties.  This  level  of  detail  is  essential  since 
each  such  level  of  government  must  tax  residents  to  obtain 
revenues  for  operation.  Any  revenue  shortfalls  or  lags  will  thus 
adversely  affect  current  residents.  Modeling  of  these  impacts  is 
possible,  however,  using  data  that  can  be  obtained  from  state, 
city,  county  and  industry  sources. 

Research  concerning  the  potential  impacts  upon  the 
recreation,  tourism  and  commercial  and  sport  fisheries  sectors 
can  utilize  existing  data  as  a  base  case,  but  will  be  dependent 
upon  physical  and  biological  impact  information  from 
hydrodynamic  and  hydrological  modeling  efforts  (see  sections  7.1 
and  7.3)  and  from  impact  studies  of  participation  in  rereation, 
tourism  and  sport  fishing.  Most  of  the  data  required  are  not 
currently  available. 

7.8.3  Recommended  Approach 

Research  required  for  a  more  complete  analysis  of  the 
socioeconomic  impacts  of  peat  mining  would  include:  1)  an 
independent  evaluation  of  the  socioeconomic  data  upon  which 
PMA '  s  (1983g)  analyses  of  impacts  were  based;  2)  an  analysis  of 
the  economic  feasibility  of  the  peat-to-methanol  conversion 
process;  3)  generation  of  more  detailed  data  for  horticultural 
peat  and  peat  for  fuel  operations;  4)  a  more  detailed  analysis 
of  the  effects  of  plant  scale;  and  5)  the  studies  of  impacts 
upon  recreation,  tourism  and  sport  fisheries  that  are  dependent 
upon  responses  of  users  to  changes  in  the  fishery  and 
environmental  quality.  As  noted  earlier,  these  impacts  are 
related  to  the  physical  and  biological  changes  that  occur  but 
are  dependent  upon  how  users  preceive  these  changes,  how  they 
adjust  their  expenditures  on  those  activities  accordingly  or 
what  they  are  willing  to  pay  to  maintain  the  "without  project" 
level  of  environmental  quality  and  fishery  populations. 
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An   estimate   of   the   fiscal  impact  of  peat  mining  upon 
city   and   county   governments   is  also  needed.  (Estimates  of  the 
overall   economic  impacts  would  require  a  much  more  comprehensive 
model   of   the   regional   economy   than   would  be  provided  by  the 
fiscal  impacts  analysis  proposed  here.) 

Two  simulation  models  are  necessary.  One  would  simulate  the 
taxes  paid  by  the  peat  mining  facility  (for  example,  corporate 
property,  sales  and  income  taxes,  and  the  unemployment  tax). 
This  model  would  allow  for  assessing  the  impact  of  changes  in 
these  tax  rates  and  for  simulating  alternative  plant  production 
levels  that  enter  the  equation  determining  local  tax  revenues. 
The  model  would  also  be  capable  of  simulating  the  impact  of  new 
taxes  that  might  be  considered  to  help  generate  local  funds 
needed  to  serve  new  residents  (e.g.,  severance  taxes  on  peat 
mined  or  a  tax  on  the  final  products  of  the  plant) .  The  focus  of 
the  model  would  be  on  the  impact  of  various  tax  laws  on  the  peat 
mining  facility. 

The  second  simulation  model  would  examine  the  overall 
fiscal  impact  of  peat  mining  upon  various  levels  of  state  and 
local  government  in  the  study  area.  Revenues  to  these  levels  of 
government  will  be  a  function  of  their  tax  rates,  their  share  of 
state  revenues  determined  by  state  aid  formulas  and  the  manner 
in  which  they  are  impacted  by  the  peat  mining  facilities' 
activities  (for  example,  the  increase  in  their  tax  base, 
population,  new  students,  etc.).  This  revenue  information  would 
be  used  as  input  in  the  analysis  of  the  net  benefits  (revenues 
less  service  costs)  resulting  from  peat  mining  activities.  A  key 
element  in  this  portion  of  the  analysis  would  be  the  need  for 
new  or  expanded  services.  The  focus  of  this  model  would  thus  be 
each  city  and  county  government  in  the  effected  area.  The  model 
would  also  allow  for  estimating  the  level  of  tax  revenues  paid 
by  employees  (e.g.,  income,  sales,  property  and  excise  taxes). 

Throughout  the  analysis,  assumptions  must  be  made  for 
certain  parameters,  for  example,  the  distribution  of  new 
residents  attracted  by  the  facility.  The  models  would  allow  for 
easy  sensitivity  analysis  of  these  factors  to  estimate  the 
impact  of  alternative  scenarios. 
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David  W.  Evans,  Analytical  Chemist,  Duke  University  Marine 
Laboratory,  Beaufort  (Environmental  chemistry) . 
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Mining  Project,  Department  of  Forestry,  North  Carolina  State 
University,  Raleigh  (Coastal  resources  management  and  ecology) . 

Melvin  Huish,  Professor,  Department  of  Zoology,  and  Leader, 
North  Carolina  Cooperative  Fisheries  Unit,  North  Carolina  State 
University,  Raleigh  (Fisheries  biology) . 

Edward  J.  Kuenzler,  Professor,  Department  of  Environmental 
Sciences  and  Engineering,  University  of  North  Carolina  at  Chapel 
Hill  (Estuarine  productivity  and  water  quality). 

Lee  J.  Otte,  Assistant  Professor,  Department  of  Geology,  East 
Carolina  University,  Greenville  (Wetland  ecology,  peat 
resources) . 

Margery  F„  Overton,  Assistant  Professor,  Department  of  Civil 
Engineering,  North  Carolina  State  University,  Raleigh  (Numerical 
modeling  of  estuarine  hydrodynamics). 

Hans  W.  Paerl,  Associate  Professor,  Institute  of  Marine  Sciences 
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Agricultural  Extension  Service,  North  Carolina  State  University, 
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10.  APPENDICES 


10.1   Habitat  Type/Land  Use  Data 

(based  on  Lukin  and  Mauger ,  1983) 


Table  10. lA:  Scenarios  #1  and  #3 —  Approximate  acreages  of 
peatland  by  habitat  type/land  use  category 
at  year  0 


Land  Use  Category 

Residential  development 

Roads  and  rights-of-way 

Other  developed  areas 

Agricultural  land 

Deciduous  forest 

Evergreen  forest 

Mixed  forest 

White  cedar  swamp 

Mixed  swamp  forest 

Disturbed  land: 
a) Transitional/field  ditched   8,700 
b)Ditched  pocosin,  not 
otherwise  disturbed 

High  pocosin 

Low  pocosin 

Bay  forest 

Water  (incl.  canals),  marsh 

Active  peat  mine 

Inactive  peat  mine 

Total  Acres  15,818  7,142 

*  Not  currently  in  production,  but  soon  to  be  put  into 
agricultural  production  (S.  Barnes,  First  Colony  Farms,  personal 
communication,  1983). 
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1 
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316 
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% 
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% 
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0 
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2,700 

9 

1 

,200 

8 

0 

0 

260 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

,200 

8 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 
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0 

0 

0 

0 

0 

130 

1 

0 

0 

450 

3 

5,460 

21 

3,640 

28 

Table  10.  IB:  Scenario  #2 —  Approximate  acreages  of  peatlancS  by 
lan(3  use  category  at  year  0 


Lanc3  Use  Category 

ResicJential  development 

Roads  and  rights-of-way 

Other  developed  areas 

Agricultural  land* 

Deciduous  forest 

Evergreen  forest 

Mixed  forest 

White  cedar  swamp 

Mixed  swamp  forest 

Disturbed  land: 
a) Transitional 

field  ditched        9,600   32     300    2     780    3     650    5 
b)Ditched  pocosin, 

not  otherwise 

disturbed  0    0   1,800   12       0    0     650    5 

High  pocosin  3,900   13   2,700   18  15,600   60   2,990   23 

Low  pocosin  13,200   44   7,200   48   4,160   16   3,640   28 

Bay  forest  0    0       0    0       0    0     910    7 

Water  ( incl . 

canals) /marsh  300    1     150    1 

Active  peat  mine  0    0       0    0 

Inactive  peat  mine       300    1      0    0 

Total  Acres  30,000      15,000      26,000      13,000 

*  Difference  between  acres  in  agricultural  production  in  Scenarios 
#1  and  #2  (Areas  1  and  2)  is  due  to  the  fact  that  acreage  outside 
the  4-foot  peat  thickness  contour  included  in  Scenario  #1  (Areas  1 
and  2)  was  not  necessarily  included  in  Scenario  #2  (Areas  1  and 
2). 


0 

0 

130 

1 

0 

0 

0 

0 

0 

0 

0 

0 
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10.2   Appendix  for  Section  6.1.1:  Agriculture 
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WHEAT/S0Y3NS.0  BUDGET  74-1 

1/83 
WHEAT  ^^n   SOYBEANS,  OOUMLE-CHOP^'En:   Estimated  rovenue.  operating  aitoanses,  annual  ownership 

costs  and  net  revenuo  per  acre 


Ca^aqory 


Units  Price  Quantity  Value 


Your   Va I ue 


Production: 

Wheat 

Soybean 
Total   Receipts 


Bu. 
Bu. 


J   3.60 
5.85 


50.000 
25.000 


$180.00 

146.25 

$326.25 


Operating    Inputs: 
L I  me  appi led 
Seed   wheat 
5-15-30,    bulK 
Dry    fertilizer  spreading 
33. 5<  Amoolum  nitrate,    bulk^ 
Post-emerge  herbicide 
Soybean    seed 
Soybean    Inoculant 
Pre-emerge  herbicide 
Netnat  Iclde 
Insecticide 
Insecticide  applied   by   plane 


Trac'tor   fuel  and  lube  cost 
Tractor  repair  cost 
Machinery  fuel  and  lube  cost 
Mach  nery  repair  cost 
Total   perating  cost 


Tons 

$26.00 

0.333 

$     8.66 

Bu. 

8.00 

1.500 

12.00 

C-t. 

9.33 

4.000 

37.32 

Acra 

5,50 

2.000 

11.00 

or. 

10.50 

1.791 

18.81 

Acre 

2.59 

1.000 

2.59 

Bu. 

10.50 

0.800 

8.40 

Bu. 

1.85 

0.800 

1.48 

Acre 

17,02 

1.000 

17.02 

Acre 

34.05 

1.000 

34.05 

Acre 

3.47 

1.000 

3.47 

Acre 

4.50 

1.000 

4.50 

Acre 

6.69 

Acre 

2.59 

Acre 

6.36 

Acre 

9.57 

$134.91 


Returns    to    land,    labor,   capital, 

machinery,    overhead,    and  management 


$141.34 


Capital    cost: 

Annual   operating  capital 
Tractor    Investment 
Machinery    Investment 


$  0.14 

$    55.143 

$      7.72 

0.14 

39.026 

5.46 

0.14 

189.571 

26.54 

Ownership  cost:      (Depreciation,    taxes.    Insurance) 
Tractor  Do  I, 

Machinery  Ool. 


$     4.42 

29.18 


Labor   cost- 

Machinery    labor 
Total     labor   cost 


Hr. 


$   4.25 


2.972 


i    12.63 
$    12.63 


Total    Interest   charge 

$   39.72 

Returns   to    lantf,    labor,   machinery, 
overhead,    and  manage«neftt 

$101.62 

Total    ownership   cost 

$   33.60 

Returns   to    land,    labor, 

management 

overhead , 

and 

S   68.02 

Returns    to    land,    overhead,    and 
management 


$  55.39 


Preo^red  by  R.  z.    Jarrott,  E.  J.  Dunphy,  Crop  Science  Extension  Sped  ai  !s*s,  ^c-;  ?.  F,  Seu-nan,  Ex-'ens'on 
Economist, 
iicreasa  nl'^oafn  application  b•^    20  pounds  I"  Coasts)  ^lair^, 
A"-  ■' -sec"  i  c  '  3-^  5nd  r.e-na^lclde  w.  'i     not  likely  :«  ■'i<r':~''     i  ?  rie  '^1  ed.-.:r*  . 
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0.218 

17 

OCT 

0.  10 

0.  120 

0.  too 

20 

MOV 

1.00 

0.  ?0} 

0.293 

I* 

NOV 

0.15 

0.  HO 

0.  190 

1.31 

0.88 

0.02 
3.17 
2.2» 

3.78 
0.22 
1.67 
0.40 
0.88 
1.41 
0.02 
2.02 
•:.93 
3.77 
1.12 
25.61 


l.4» 
0.92 
2.71 
e.lT 

18.2* 
2. SI 
8.89 
0.4t 
3.12 
0.2* 
0.87 
2.72 
0.17 
9.17 
0.44 

18.2* 
1.39 

65.56 


■  wlAT  ANO  &0TQEAN9,  0OUBL£-CP0PPE  0;   Efiact  of  varying  (-a'ai  o*  oroducTtoa  o*  *Km9* 
and  %oybaans  an  nar  ravanua  to  land,  ovarnaad  and  oanacaaant 
(alrfi  aneat  priea   «t  (3.60  aar  b;j»hal  an^  (O.baen  f  '  z^    •* 
S9.85  our    busAa i i 


Qata  9*  proaootlan 
o'  sovbaana 


Total  east  par  scr 


Rata  of  croouctlan  of  «naa* 


60    Qw. 


20   bu. 

25    bj. 
«0    5.,. 


S270. 66 
270.96 
2'0. Hi 


t 

-9.66 

i   :5 

14 

1     62 

19.  S9 

55 

.'  rf 

)  1 

48  .  ^* 

64 

64 

1  ro 
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CORN. 11 


70-1 
;/35 


CORN  (COASTAL  PLA I  N— NOli''.  I  . . . 


Catagory 

Production: 

Corn 
Total  Receipts 


Operating  Inputs: 
Lime  appi led 
Seed  corn 
0-0-60,  bulk 

Dry    fertilizer   soraoajnc 
30<  nitrogen   solL'tlo.i 
Pre-9«ierge   herDlcIde 
Post-emerge  herblclae 
Insecticide  and   nematicldc 
Liquid   nitrogen,   custont  spcli 

Tractor  fuel   and    lube  cos* 
Tractor  repair  cost 
Mactilnery   fuel   and    lube  cost 
Machinery  repair  cost 
Total   operating  cost 


•".«"->.'    revenue,    ooorat  I  ng    »xpen«o'>,    ^•.■ 
;,;■'     -wvenue    per    ace 


COJtS 


.•  I  ■';  ?r  i  ct» 


,"'uen*lty  V'i 


S    2.26' 


115.000  $^:--.V, 


■^ons 

i26.00 
1.26 
3.75 
5. 50 
7.16 

5.25 

C,53J 
16.300 
2.000 
! ,  000 
4.5^C 

2.00 

i      '2.55 
20.  :; 
" " ,  50 

-■    -T. 

?.2'' 

10.  t:.                    ' 

2. '2 

4.06 

6.72 

$150.03 

uli?  „ 

Cut. 

"C.-* 

:vr. 

■ » C"  c 

Ac-e> 

A -re 

Acre 

«cre 

Aero 

Acre 

Acre 

Returns  to   land,    labor,  capital, 

machinery,   overhead,   and   ^^anaae<nant 


SI09.35 


Capital  cost: 

Annual  operating  capital 
Tractor  I  nvestfiwnt 
Machinery  Investment 

Total  Interest  charge 


$  0.14 
0. 14 
0.  14 


S   64.641 

i 

9.04 

31.690 

•i,4£ 

123,338 

17.27 

$   30. 


Returns   to    land,    labor,   machira-. , 
overhead,    and   management 


J  79.0? 


Ownership  cost:   (Depreciation,  taxes. 
Insurance) 
Tractor 
Machinery 


Dol. 
Ool. 


J     3.5' 
19.03 


Labor  cost: 

Machinery    labor 
Total    labor  cost 


S    4.25 


2.188 
2.188 


Returns   to    land,    overfiaaci,    .»nci 
management 

Prepared    by    J.   R.    Anderses.    .-. 

"Based   on   $2.55  orlce,    22%    .■.  : 
over    15.5J. 
Nitrogen    level     Is    •^•s?^     . 


Total    ownership  cost 

$   22,64 

Returns   to    land,    labor, 
•anagement 

overhead , 

and 

J    56,^4 

'O-  do; 


. -r-i'Slcn  Specialist  and  0,  f,  "^i^m- 
=-a  2.5t  price  disco. 


^r--.  ■.■.T\<  ;t. 
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COaa    (COAtTtl    ri«iii>-«eiitll.lBua    OCASI^        Ittl»«t*«    ■••out,     Oxraring    Itct'ttt.     tnaud     aanariPllg    Catrt    «•<    ■•<    ••»• 

^•r    Aer«. 


I    C*ra 


J*N 

f«S 

N««b«r    of    Ui»  t  ti 

o.a 

0.0 

0.0 

OCT 

MO* 

OfC 

0.0 

0.0 

0.  0 

0.0 


2.  16 


0.0 

•t 'ChT 

O.O 


JUN 

0.0 


JUL 

0.0 


UKir  cooE      iTEa  coot 

J. 00       tJ.OO 


0.0 


t  n.oo 
c* 
o.e 


O0«ratlag  l«»ttti 

i  t*«<  Card 

4  0.0. to,  ••m 

1  Or,  F.rt  S»raa< 

•  JOt  Kit  S«l ut 

'  Cut  *••  Lia  «it 

I  'rm-lmmrg    M«r» 

*  'oit  E««rg«  Hmrt 
10  (*»*tt  i  H«a«T 


2  lla*.  t«*ll»4 

I  >••<  Cor* 

t  0-0-tO,  talt 

>  Dry  r«rt  S»r««« 

*  ]«(  Hit  taint 

'  C««  «»»  t,l«  Kit 

•  *r«.Cs«rf  M*rft 

«  *«>r  (aari*  M«r» 

*0  i«<*<t  t  ■•■•? 


J** 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

OCT 


rti 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

NO* 


HAD 

Afa 

4a t«/UA 

t 

0.0 

0.0 

0.0 

K.OO 

2.00 

0.0 

1.00 

0.0 

0.0 

2.7i 

0.0 

I  .00 

0.0 

1  .00 

0.0 

c.o 

0.0 

1.00 

o.c 

0.0 
0,0 


0.  >> 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9.0 

0.0 

0.0 

0.0 

0.0 

■aatxi 

J*« 

ru 

■*■ 

Am 

0.9 

0.9 

9 

0 

0.0 

0.0 

9.9 

>• 

1$ 

M.JJ 

OtC        PRiCt 
Aara/Un  I  r 

26.00 
I  .25 

«.  n 

5.  50 
'.  '6 
J. 2? 

)4 ,  «a 

12.0' 
9.20 


,0 

.92 

.CO 

.0 

.00 

.0 


JUK 

0.0 
0.0 

o.c 

0.0 

0.: 

0.0 
0.0 

o.c 

0.0 


JUL 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 


Li.iT  coot      irc"  coot 


3.00 

12.00 

16.00 

T.OO 

14.00 

7.00 

7.00 

7.00 

7.00 


229.00 
17  1.00 
200.00 
230.00 
226.00 
2  J  7. 00 
2K.00 

2«e.oo 

230.00 


AU6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

rr 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

>.oe 

3.00 
3.00 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


C*T|09*T  UBIt 
r«tal  aoaalftt  A«r« 
Tafai  l«9««e«6   *cr» 


Suaaary  of  Racatata  aa«  Ca»a«aa« 

■AT      JUH      JUL  AUG      SC* 

0.0     0.0     0.0  '   0.0   T^t.fO 

31.07    0.0     0.0  0.0     •.«7 


OCT 

0.0 

II. J1 


«0» 

0.0 

0.0 


9ie 

9.9 
0.9 


■acKlaary  riiao  and  Varlaoia  Coa^a  f*r    Hoar 


T9TAI 
ZSt.I9 

139. 0> 
lot. 03 


AaaUAI.    CA^ITAl 

9ai. 

9.9 

9.9 

tS.2» 

2t.(l 

10.34         0.0            0.0 

0.0 

0.0 

11.  I» 

0.9 

9.9 

44. t« 

■ACMiataT  LA(0« 

Hr 

9.0 

9.9 

0.3J 

0.34 

Labor    Raaulraaanta    by 
0.0            0.0            0.0 

Month 
0.0 

0.91 

0.31 

0.0 

9.9 

2.1* 

NACNIat 

cool 

OCM 

miu* 

TAX 

TOTAL    flKEO 

aCPA  III 

'UtL 

LUt 

tARIAlLC 

INT 

m/rint 

Tractor    <4) 

t.ii 

0.  10 

1  .  J« 

3.76 

3.24 

i.oe 

Traator     (») 

4.«4 

0.20 

3.02 

10.44 

4. 33 

1.00 

'leka*   Track 

1.41 

0.04 

1.30 

3.24 

1.19 

1.09 

Tr.«« 

4.»> 

0.  1» 

3.30 

4.79 

4.14 

1.09 

CorA/9aaa   Caaklaa 

)>.04 

1.17 

34.21 

7.34 

IS. 41 

33.11 

9.32 

Taaaaa  Oltc 

T.4f 

9.29 

1.92 

1.92 

T.T» 

0.10 

■l9»ar-9a<4*r 

1.14 

0.11 

0.72 

9.72 

2.»» 

9.11 

Cara    PI    ./■••    Sft«»«r 

1.9* 

0.24 

4.41 

4.11 

2.19 

9.29 

9aaa   Nat 

l.tl 

9.09 

0.04 

0.40 

9. 40 

l.l> 

9. 33 

oat*ATioa 


ITU) 


9*T( 


Tints 
OfC* 


LAKOW 
MOum 


MACHIHC 

Houm 


rutL-Oll-LU*. 
«CPAI«  Pt*  ACKt 


riU9  C9ITS 

n»  ACRi 


Taaaaa  DIsa 

*.4I 

OCT 

1.09 

0.  1  17 

0.047 

la  a  A   Hat 

4.»1 

OCT 

1  .00 

0.394 

0.327 

Taaaaa  Olaa 

♦.41 

■Aa 

1.00 

0.117 

0.097 

•  1  »»ar. t444ar 

*.ii 

■*« 

1.00 

0.213 

0.  174 

Cara   n    m/»mw 

l»a»ar 

4.49 

AM 

1.09 

0.242 

0.200 

aicAa*    Tracb 

12 

AM 

0.  10 

0.  120 

0.  100 

Cara/Seaa  Caaklaa 

21 

IIP 

1.00 

0.342 

0.314 

Track 

11 

HP 

9,30 

0.600 

0.300 

TOTAl 

2.147 

1.4H 

1.3 
2.2 
1.3 
2.2 
2.2 
0.5 
4.2 

4.  A 


14.3 


2.71 
2.19 
2.2* 
3.29 
4.M 
9.44 

23. }I 
4.42 

44.52 


C9«*  IC9AtTAL  PlAI*'>aOatlLl9M  A*fAS): 


Ctfact  of  varying  ratal  of  production  aR4 
t  r*v9Au»     to     land,  ovarhaad  and  aanagaaant 


lata  af  aroaactia* 


Tatal  caat  ^me    acra 


"rlca  »«r     bwinal 


t  I  .42 


40  ka. 
113  aa. 
140  ba. 


4204.01 

( 

-42.4  1 

1     -27.21 

1          6.  79 

212.74 

-     J.»6 

47.  U 

)«.a9 

222.31 

J2.44 

94.  09 

»''.09 

4aaa4  aaoa  20  aarcont  aalatara  eantaat  at  aarvatf.  ..)  p«rc*Af    prica  ditcoynt 
far  aack  aarcaat  aalatara  oyar  13,3,  ana  prlcai  o'  S2.03,  12. J)  and  SS.c; 
raa^actl.aly. 
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WHEAT/SO YBNS.O 

iWEAT    fND   SOrBEANS,    DOUBLE -CROPPED: 


Cat9'70'"y 


9U05ET  74-1 
1/83 
Estimated  r«venu«,  operating  expenses,  annual  oanersMp 
costs  and  net  revsnuo  per  acre 


Units 


Price 


OuantltY 


Vq  I  ue 


Your  Vb I ue 


Production: 

rfneat 

Soybean 
Total  Receipts 


Bu. 

Bu. 


J  4.00 
6.75 


50.000 

30.000 


$180.00 

146.25 

J526.25 


200.00 
202.50 


Operating    Inputs: 
L I  me  app I  I  ad 
Seed   <«heat 
5-15-30,    bulK 
Dry    fertilizer   spreading 
33.5$  Amonlura  nitrate,    bulK* 
Post-emerge  herbicide 
Soybean   seed 
Soybean    Inoculant 
Pr e-ejnerge   herbicide 
Nemat icide 
Insect  I cide 
Insecticide  applied   by  plan* 


Tractor   fuel    and    lube  cost 
Tractor  repair  cost 
Machinery   fuel   and    lube  cost 
Macft   nery   repair  cost 
Total       per at  I ng   cost 


Tons 

$26.00 

0.333 

$     8.66 

Bu. 

S.OO 

1.500 

12.00 

Cwt^ 

9.33 

4.000 

37.32 

Acre 

5.50 

2.000 

11.00 

Cwf. 

10.50 

1.791 

18.81 

Acre 

2.59 

1.000 

2.59 

Bu. 

10.50 

0.800 

8.40 

Bu. 

1.85 

0.800 

1.48 

Acre 

17.02 

1.000 

17.02 

Acre 

34.05 

I. 000 

34.05 

Acre 

3.47 

1.000 

3.47 

Acre 

4.50 

I. 000 

4.50 

Acre 

6.69 

Acre 

2.59 

Acre 

6.36 

Acre 

9.57 

$184.91 


Returns    to    land,    labor,   capital, 

.Tiachlnery,    overhead,    and  management' 


J217.59 


Capital    cost: 

Annual    operating  cap  Its! 
Tractor    Investment 
Machinery    investment 

Total    Interest  charge 


Returns  to    land,    labor,   mechlnery, 
overhead,    and  nenagenent 


$  0.14 
0.14 
0.14 


$  55.143 

$      7.72 

39.026 

5.46 

189.571 

26.54 

$   39.72 


$177.87 


Ownership  cost:      (Oepreclatlon,    taxes.    Insurance) 
Tractor  Do I. 

Machinery  Ool. 


$     4.42 
29.18 


Labor   cost 

Macfi  ;  nery    labor 
Total     labor   cost 


Hr. 


$  ^,25 


2.972 


i    12.55 
J    12.63 


Total    ownership  cost 

$  33.60 

Returns   to    land,    labor, 
management 

overhead. 

and 

$144.27 

Returns    to    land,    Overhead,    and 
Tianage^ent 


$131.65 


Precarea    iv   ^. 


■.ZO"'j-^-    ■■T. 


JaTett,    E.    J.    Ounphy,    Croo   Science   t>"'*nsion   jieclsl'sts,    m-   ^.    P.    Neunan,    '-.**■:•'■,  s '•  on 

'     .i:rllca*)on    nv    2C  oounds    In  C-sas''.;      ^lai.t. 

.-.-!    :  .^•r,.=)r  1  r  I  (39    will    noT    IlKeIr    "»      e^:'':    in    r-e  -i?u~j.'t. 
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'  i  n-j    (»<Dfinr,«$  ,    :>»nn's~l;     costs    fl-.r:    ne*    rfri,--^-:-    ;.f.r    s:r 


Tota  '■   Sftce!  ?"'s 

Soybean   sesQ 
0-10-20,    Du^' 
Dry    fertllire'    D:.^?3ilng 
Lima  app I  I ec 
SoYbe-»n     InoC-'S"'' 
^re-9(nerae   ^e*"!':    "e 
PosT-emerpe    "'e'^sic    'e 
Nema+iclde   'vateria'" 
I nsect Ic' de 

St 

Insecticide  applied  &v  air" 


Tractor  fuel  and  lube  cost 
Tractor  repair  cost 
Machinery  fuel  and  lube  cost 
Machinery  repair  cost 
Total  operating  cost 


IJn  I  's 


Bu. 


S  ^.S". 


Ouf r ■ I -. 


DZ.  J'JJ 


-.l^:'     73-! 
1/S3 


^OLT  v;'t-e 


i2:-~.''y 


bu. 

flO.Sj 

■:.£:: 

S   5.40 

Cwt. 

t.?5 

i.  •-•:-:) 

15.65 

Ac-a 

5,50 

\.coz 

5.5C 

Tons 

26.00 

:.333 

e.ot 

Bu. 

1,65 

C.cCO 

-.45 

Acre 

■7.02 

Acre 

■4.  "5 

Acre 

ii.:-^ 

Acre 

X     ^-^ 

Acre 

4.  5 J 

Acre 

6.49 

Acre 

. 

! 

2,95 

Acre 

3.71 

Acre 

6.84 

1137.48 


Returns  to  land,  iabor,  capital, 

machinery,  overnead,  and  management 


i    67,27 


Capital    tost: 

Annual    ope'' a  *  i  f".  3   ::apital 
Tractor    Inves^-nenT 
Machinery     Inves''"»en* 

Total     Interest   tr-jrga 


$  0.14 

S  60.317 

J 

6.44 

0,14 

44,27' 

6.20 

0,  14 

128.707 

16.02 

J    32.66 


Returns    to    land,     labor,    machinery, 
overhead,    and  management 


S  54,61 


Ownership  cost:   (Depreciation,  taxes.  Insurance) 
Tractor  Ool. 

Machinery  Ool. 

Total  ownership  cost 


1     5.01 

'9.78 

i   24.79 


Returns    to    land,    laaor,    overhead,    and 
manage^ient 


^.32 


Labor  cost: 

Mach i nerv  isDCr 
Total  labor  cos* 

Returns  ■'"o  land,  rverneac;,  and 
menaaemenT 


Hr. 


S   4.25 


S      9." 


Preparea    Sy    E.    -.    Dsn^iv,    Crop    Science  Extension   Specialist; 
An    lns9cticl:e    3^3    -•jiTa' i  r  ■  3e   r!'"p    not    IJi^ely    '•'o    1^    nee'le;' 
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OevraTIng  €«3«n|*i,   OaMo-i^lp  Cottt  %ni     H«T  4«v«^u«  ^%r     Acfa 


JAN 
3.0 
OCT 

a.  0 


0.0 

M0» 


MAN  APN 

A r  of  J  .<  i  t  A 

0.0  0.0 


DtC 

Nuabvr  of  Un 1 f A 
J5,00         0.0 


PN  I  CI 


HAT  JMN 

3.0  0.0 

•ElG'T  UNIT    C30E 

0.0  J. 00 


.Ul 

AUC 

st» 

a.o 

c.o 

0.0 

iTt«  coot 

T? 

CM 

at. 00 

2.  00 

0.0 

2  SOTOAAA      S»«« 

y  S«*4     Tr««TM*<tt 

4  0-10-20,    SmIa 

3  Off    r«rt    Sp^AAri 

6  LlAA.     >Kll*« 

7  Pr«-CM«rg     HArs 

8  PoAt    EMsrg*    M«rs 

«  NA«At<cM« 

10  t«AAe»teia»- 

I  1  1  "aactIaKa   a» 


OsAr A' I ^9     ) AA«tA 

2  SOVAAAA  $••< 

3  Saaa  Tr««r««nr 
A   3-t0-:o,  SulA 

5   Ott  *mrr    Sotaa* 

<    LIMA,   AppilcA 
T   PrA-CM4rg  «Af» 
a   PoAT  l««r9A  M«r* 

*    MA«ArlCl«« 

'  AAAC*  *C I «••--•- 

•  aaacaick*  *r 


10 


JAN 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

OCT 

0.0 
0.3 
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


't» 

a.o 

0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
O.B 
0.0 

NOV 

0.0 

0.0 

0.0 

0.0 

0.5J 

0.0 

0.0 

0.0 

O.B 

0.0 


MAN 

APR 

lA 

Ia/UA  >« 

0.0 

0.0 

0.0 

O.r. 

0.0 

i.'.-i 

0.0 

1.0." 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

0.0 

OEC 

WiCt 

Sa» 

A/U"  1  r 

0.0 

V     10.50 

0.3 

1  .B5 

0.0 

6.55 

0.0 

I.JO 

0.0 

;s.  00 

0.0 

I'.OJ 

0.0 

U.'» 

0.0 

JA.OJ 

0.0 

3. AT 

0.0 

«.)0 

MAT 


o.ao 

C.80 

0.0 

^.0 

0.0 

1  .00 
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10.4   Appendix  for  Section  6.1.4:  Wildlife 
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I'J  I  1  d  1  i  -f  e    Habit  a  t    S  i  mu  1  -a  t  i  on 

I  n  t roduc  t  i  on 

A   wild!  i -f  e    habitat    qual  i  ty    pri?dictiori    model     forecasts    -future 
h  ab  i  tat    c on d  i  t  i  on •=•    (  q  i  ye n    a    se  t    ot    pre se n  t    c on d  i  t  i  on ■=■    an d    a   man  aqeme n  t 
scheme)    so    that     impacts    of    proposed   rrian  aoerrien  t    plans   may    be    evaluated. 

In    1973,     the    U.    S.    Fish    and   Wildl  i -re    Seryice    began    deye  1  op  i  no 
u n  i  -f  orm    Hab  i  t a t    £•■> a  1  u  a  t  i  on    Pr  oc e du r e s    (  HEP )     t  o    ass  i  s t    this    p r oc ess  . 
HEP    u  se    s  i  rrip  1  e    ma  t  h  ema  t  i  c  a  1     -f  u  n  c  fc  i  on  s   w  i  c  h    de  sc  r-  i  be    h  ab  i  tat    q u  a  1  i  t  y 
-for    particular    species,     ascribe    a    qual  i  ty    value    to    each    habitat    type 
in    the    p  r  oj  e  c  t    area,     an  d    surri    the    q  u  an  t  i  t  i  e  i-    (  ar  e  a         y  a  1  u  e  >     t  o    ob  t  a  i  n 
a n     i  n d e x    o -f    habitat    q u  a  1  i  t  y    -f  o r    a    q  i  y  en     specie s    o n     the     t o t  a  1     a r e  a 
'.Adams    et    al  .  ,     1982)  . 

The    model,    presented    here    uses    the    HEP    concept    to    predict    habitat 
qual  ity    -for    the    three    scenarios    and    -four    areas    considered.    The    mocei 
u  s e  s    a    c  cim p  u  t  e  r    p  r  o q r  am   w h  i  c  h    o p  e  r  a  t  e  s    o n    an    Apple    II    m  i  c  r  o c  orri p  u  t  e  r  , 
prompts    the    user    tor    data     input,     permi  ts     input    -file    editinq,     provides 
h  ar  d    c  op  y    print  ou  t  s    of     in  p  u  t    an  d    ou  t  p  u  t    on    r-  e  c  u  e  s  x.  ,    c  omp  u  t  e  s    1  an  d 
use-habitat     type     inventories    -for    the    end    oi    the    project    period    (with 
and   without    the    project,    by   major    u=er),    accrues    annual  ized    habitat 
qual  ity    units    '-'by    species,    i.-'jith    and   i-jithout    the    project,    by   rtiajor 
user),    and    provides    an     index    o-f    overall    !.'..iildl  i-fe    habitat     impact. 
3  p  e  c  i  -f  i  c  a  1  1  y  : 

1  .     It    requires    the    -foil  ow  i  n  q     i  n  put  : 

a.  Project    duration    (20    years    in    our    case). 

b.  Land     inventory,     -for    each     area    consid- 
ered   ( up     to    4    a r  e a s )     b y     1  a n d    u s e - h a b  i  t - 
at     type     (up     to    16    types    are    perrrii  tted.'  . 


I nd  i  cat  or    spec  i 
a  re    permitted )  . 


up 


14  specie  ■; 


d.  A  Habitat  Suitability  Index  (HSI)  -for 
each  species  tor  each  'and  use -habitat 
t  y  p  e  . 

e.  A  conversion  rate  -for  each  land  use- 
h  a b  i  t  a  t  t  ■>■■  p  e  t  o  e  '•'  e i"-  y  o  then  t  y p e  , 
based  on  "PRO",  the  proportion  o-f  the 
a  r  e  a  o  r  a  b  s  o  1  u  t  e  a  r  e  a  a  -f  -f  e  c  t  e  d  , 

"BEG"  and  "END" ,  the  beqinninq  and  end 
o-f  the  peri  o d  o '■.' e  r  w h  i  c h  the 
change  occurs,  and  "REG",  the  -form 
o-f  t  n  e  r  e  q r  e  s s  ion. 
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2  .     It    compute  s    a  n  n  u  a  1     1  3.  n  d    use-  h  -a  b  i  t  *.  t     t  /  p  e    c  o  n  v  e  r  s  i  o  n  e 
"changes"     t  r  om    o  n  e     t  y p  e     to    a  n  o  t  h  e  r ,     i  n    a  c  cord  a  n  c  e    w  i  t  h     the 
1  QiAi  i  n  Q    u  s  e  r  -  s  p  e  c  i  +  i  e  d    +"  u  ri  c  t  i  o  n  s  . 

a  .    A    line  a  r    t  u  n  c  t i o  n : 

chanqe  =  (area  ot  type  at  beqinnino  of 

the  p  r  o  ,i  e  c  t  per  i  o  d  x  p  e  r  c  e  n  t  o  + 
8.  p  e  -a  a.  "f  "f  e  c  ted  .■■    per  )  o  d  o  '-.■■  e  r 
w  h  i  c  h  c  h  a  n  q  e  o  c  c  u  r  s 

bi .  An  e  x  p  ori  e  n  t  i  a  1  fun  c  t  i  on  : 

c  h  a  n  q  e  =  '■.  a  r  e  a  o  f  t  >  p  e  a  t  b  e  q  i  n  n  i  n  q  o  f 
c  om  p  u  tat  i  o  n  a  1  y  e  a  r    p  e  r  c  e  n  t 
o  t  a  r  e  a  a  f  f  e  c  t  e  d .:'    per  i  o  d 
o  y  e  r  w  h  i  c  h  c  h  a  n  q  e  o  c  c  u  r  s 


A  t  i  me -p  h  ase  d  f  u  n  > 
!  n  c  r  e  rri  e  n  t  s )  : 


I  on 


j-y-ear 


;han 


(  a  r  e  a  a  t  end  o  f  i  n  c  r  e  rri  e  n  t  - 

a  r  e  a  a  t  b  e  q  i  n  n  i  n  q  o  f  i  n  c  r  e  rri  e  n  t ) 


d  .  A  f  i  K  e  d  In  c  r-  e  rii  e  n  t  f  u  n  c  t  i  o  n  : 

c  h  a  n  q  e  =  t  h  e  u  s  e  r  -  s  p  e  c  i  f  i  e  d  i  n  c  n  e  rri  e  n  t 

e  .  A  sin  u  s  o  i  d  a  1  f  u  ri  c  t  i  o  n  : 

c  h  a  n  q  e  =  a  ri  a  n  n  u  a  1   i  ri  c  r  e  m  e  n  t  a  1  o  n  q  a  p  a  r  t  i  a  1 
sine  i,'j  a  y  e  e  n  c  om  p  a  s  s  i  n  q  the  p  e  r  cent 
o  f  a.  r  e  a,  affected,  o ' . '  e  r  the  peri  o  d 
i  n  w  h  i  c  h  the  c  hi  a.  n  q  e  o  c  c  u  r  s  ,  b  a  s  e  d 
o n  the  a r  e  a  of  the  t  y  p  e  a  t  b e  q  i  n  n  i  n i 
o  f  the  p  r^  o  j  e  c  t  peri  o  d 


For- 


f. '_  n       f  f  ■:<. 


i.r  ,     the    p  r  o q r  arri    c  orri p  u  t  e  s    "  c  h  a n  q e  "     f  r  orri    e  a c  h 


t  y  p  e     t  o    e  u  e  r  y     o  then     t  y  p  e  ,     s  u  b  t  r-  a  c  t  s     the     "  c  h  a  n  q  e  "     f  r  orri     the     f  o  r  rri  e  r  ,     a  d  d  ■; 
i  t     to     the     1  a  1 1  e  r  ,     c  orri  p  u  t  e  s     a    n  e  i ai     i  n ' .'  e  n  t  o  r  y    f  o  r     the     b  e  q  i  n  n  i  n  q    o  f     the 
n  e  X  t    y  e  a  r  ,     a  n  d    a  c  c  u  rri  u  1  ate  s    a  n  n  u  a  1  i  z  e  d    h  a  b  i  t  a  t    q  u  a  1  it  y    u  n  i  t  s    f  o  r    e  a  c  h 
sp  e  c  i  e  s     in    e  ac  h    h  ab i  t  a  t  . 

3  .     It     p  r  o  y  ides     the     foil  oim  i  n  q    o  u  t  p  u  t  s  : 

a  .     All      i  n  p  u  t     d  a  t  a  . 

b.     Hab  I  tat     condi  tions     (acreaoe     of     each 
t  y  p  e  .'     a  t     t  ri  e    end    of     the    p  r  o  j  e  c  t 
per  I  o  d  ,    lAi  i  t  h    a  n  d    (■■■>  i  t  h  o  u  t     the    p  r  o  J  e  c  t 
for    each    ma.i  or    user. 
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c.  Accrued  annui  1  ized  habitat  qua.l  i  ty 
u  n  I  t  ■=■    +  o  r  a  a  c  h  spec  i  e  s  ,  w  i  t  h  a  n  d 
w  i  t  h  o  u  t  the  p  r  o  ..i  e  c  t  ,  t  o  r  e  a  c  h  m  a . j  o  r 
user  ■■  s  1  and  . 

d  .  To  t  a  1  ac  c  r  u  e  d  an  n u  a  1  i  z  e  d  h  ab  i  tat 

q  u  a  1  it  >  u  n 1  t  s  +  o  r  the  p  r  o  j  e  c  t  a  r  e  a , 
w  i  t  h  a  n  d  I M  i  t  h  o  u  t  the  p  r  o  ,i  e  c  t  ,  a  n  d  a  n 
j  n  d  e  X  o  t  p  r  o  j  e  c  t  imp  a  c  t , 

e  .  H  '•.'  e  T'  a  q  e  H  b  I  t  o  r  e  a.  c  h  =  p  e  c  i  e  s     i  =  e  a  c  h 
a  r  e  a  ,  a  t  t  h  e  b  e  q  i  n  ri  i  ri  q  a  n  d 
e  n  d  o  t  the  p  r  o  ,i  e  c  t  . 


Type 
L  i  near 


FUNCTIONS 

F  u  n  c  t  i  o  n  a  1  E  n  t  r  i  e  =. 

Pro,  BE 6.  ,  END 

F'ercen  t  o+  i  n  i  t  i  al   Per  i  od  over 

a  r  e  a  a  +  f  e  c  t  e  d        w  h  i  c  h  c  h  a  n  q  e  o  c  c  u  r  ■= 


r!e  Q  a 

L 


E X  p  o n  e  n  t  i  a  1   Perce  n  t  o  +  a n  n  u  a  1  Peri  o  d  o  '.•'  e  r  E 

i  n  '•. '  e  n  t  o  r  y  a  + 1  e  c  t  e  d  i  ■j  h  i  c  h  c  h  a  n  q  e  o  c  c  u  r  s 

Si  nuso  i  dal    F'ercen  t  o-f  i  n  i  t  i  al  Per  i  od  over  S 

a  res.  a  -f  +  e  c  t  e  d  w  h  i  c  h  c  h  a  n  q  e  o  c  c  u  r  s 


F  i  X  e  d 


H  r  e  a  1  o  ■=■  t  P'  e  r  y  e  a  r   F'  e  r  i  u  d  >-'  '•,'  e  r  F 

w  h  i  c  h  c  h  a  n  q  e  o  c  c  u  r  s 


T  i  m e - p  h  a s e  d      An  y    n  u m b e  r  0  A n  y    n  umber  T 

(.  En  ten    a c  c  r  u  e  d    a. r  e  a    1  Ci s  t    a  t    y  e  a r     i  n  d  i  c  a  t  e  d ) 
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P  R       =  p  r  o  J  e  c  t     pi  e  r  i  o  d 

P  E  R    =  peri  o  d    o  y  e  r    i  ■■.i  h  i  c  h     c  h  a  n  q  e     o  c  c  u  r  s 

A         =  initial     -are  a    (  a  c  r  a  s ) 

A  C      =  are  a    a  t    b  e  q  i  n  n  i  n  q    o  f    q  i  u  e  ri    y  a  a  r     (  a  n  n  u  a  1      i  n  y  e  n  t  o  r : 

I  =  1  a  n  d    u  s  e  -  h  a  b  i  t  a  t     t  y  p  e     1  o  s  i  n  q    a  r  e  a 

f-J  UM    =  1  a  n  d    ij  s  e  -  h  a  b  i  t  a  t     t  y  p  e    q  a  i  ri  i  ri  q    a  r  e  a 

P  =  "  Pr  q  .  "     -r  r-  om    e  n  t  r  >■    da  t  a 

Y  =  "  Y r  .  "     -f  r  orri    en  t r >■     d a t a 

YR   =  year  beinq  computed 

Z    =  a  r  a  a  c  o  n  c  e  r  ri  e  d 

T  5   =  a  c  c  r  u  e  d  a  r  e  a.  1  o  s  t  b  >  v  e  a.  r  5 

T 1  0  =  a  c  c  r  u  e  d  a  r-  e  a  1  o  s  t  b  >-  v  e  a  r  1  0 

T 1  5  =  a  c  c  r  u  e  d  a,  r  e  a  1  o  a  t  b  y  y  e  a  r  1  5 

T  2  0  -  a  c  c  r  u  e  d  a  re  a  1  o  s  t  b  y  y  e  a  r  2  0 

Equat  i  ons  (sol ved  annual  1 >  ouer  the  peri od  i  n  wh : ch  chanqe 

q  c  c  u  r  r  •' 


Linear  ( L ; 


Chanqe  =  (ACI.Z)  *  (P(I,NUM>  /  100 
PER 


Exponential  (E)   Chanqe  -  (Al(  I  >  *  (P(I,NLIM)  /  iOOl' 

PER 


i  nuso  i  da 


SI      =  (CriS(3.14l6  *  '..YR  /  PER>)) 

+  1 
32      =  (COS (3. 141*  *  ((YR-1>  /  PER>:0 

+  1 
DI      =  (F(I,NIJM)  /  lOO':-  *  (A(I,Z)  /  21 
CI      =  Si  *  DI 
C2      =  S2  *  DI 
Chanqe  =  C2  -  CI 


Fixed  (F) 


Chanqe  =  i-'(  I  ,NUM> 
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T  i  m  e  -  p  h  ?.  =  1?  d    < ' 


It    YR    <=    PR   /    4       tl-itn 

Chaff  oe    =    T5<I.NUM)    /     (PR    *     .  2- 


!+    YR    >    PR    /    4    and    YR    <=    PR    /    2     th*n 
C  h  3.  n  q  8    =     ( T 1  0  ':  I  ,  \\  UM )     -    T  5  (  I  ,  N  Ut^i )  .■■     / 
'.:  PR    *     .25) 


It    YR 
t  h .?  n 
Chanqa 


PR    /    2    and    YR    <=    PR    /     1.3333 

=     ( T 1  5  (I  ,  hiUM  >     -    T 1  0  (I  ■ ,  hJUM  >  >    / 
(PR    *     .25) 


It    YR    >     PR    /     1.3333    and    YR    <=    PR    then 
Chance    =    (T20(I,NUM>     -    T15(I.NUM>)    / 


I  n  p ij  t-s.    t  Q    an  d    ou  touts    t  r  orri    the 
t  o  1  1  cn'J  i  n  q    p  aqe  s  . 


rri  u  i  3.  t  I  o  n     a  re    q  i  '..'  e  ri    o  n     1 1 
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HAti:" 


■Y?E3   l-'JimiM    sQOjcrj   ^p£^ 


E'JALUATIOM    SPECIES 


1  RESIDENTIAL  DE'-.'ELOPMEMT 

2  ROADS  AND  RIGHTS-OF-WAY 

3  OTHER  DEVELOPED  AREAS 

4  AGRICULTURAL  LAND 

5  DECIDUOUS  FOREST 

6  E^.'ERGREEN  FOREST 

7  MIXED  FOREST 

8  WHITE  CEDAR  SWAMP 

9  MIXED  SWAMP 

10  DISTURBED  LAND 

11  HIGH  POCOSIN 

12  LOW  POCOSIN 

13  BAY  FOREST 

14  WATER  AND  MARSH 

15  ACTIUE  PEAT  MINE 

16  INACTIVE  PEAT  MINE 


BLACK    BEAK 
WHITETAIL    DEER 
MARSH    RABBIT 
MUSKRAT 
BOBWHiTE 
MOURNING    DOVE 
GREAT    HORNED    OWL 
PINE   WARBLER 
HAIRY   WOODPECKER 
BOBCAT 


HABITAT    SUITABILITY 
BLACK    BEAR       IN: 


INDICES    FOR  HABITAT    SUITABILITY     INDICES    FOF 

WHITETAIL    DEER     IN: 


T'l 


HSI 


TYPE 


HSI 


RES!  D  ENT I A  L  D  E'-.-'  E  L  C  PM  ENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
INACTI'..-'E  PEAT  MINE 


F:  E  S I  D  ENT  I A  L  D  E'-,.'  E  L  0  PM  ENT 

0  3  ROADS  AND  RIGHTS-OF-WAY 

0  3  OTHER  DEVELOPED  AREAS 

24  A G R I  C U LT U RA L  LAhJ  D 

72  L' E C I  D LI  0 U S  F  Ci R E  ST 
4  EVERGREEN  FOREST 
62-  r-IIXED  FOREST 

6  WHITE  CEDAR  SI.'JAMP 

77  MIXED  SWAMP 

47  DISTURBED  LAND 

78  HIGH  POCOSIN 

73  LOW  POCOSIN 

7  EA'Y  FOREST 

23  WhTER  and  MARSH 

0  7  ACTI'-'E  PEAT  MINE 

13  INACTIVE  PEAT  MINE 
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HABITAT  SUITABILITi' 
MARSH  RABBIT  IN: 


INDICES  FOR 


HABITAT 
MUSK Rat 


5UITABILr 


INDICES  FOR 


IN 


TYPE 

RES  I  DE^iT  I AL  DEVELOPMENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTI'v'E  PEAT  MINE 
iriHCTI'v'E  PEAT  MINE 


HSI  TYPE 

0  2  RESIDENTIAL  DEVELOPMENT 

2  R  0 A  D  S  AN  D  R I  C-i  HT  S  -  0  F  -WAY 

0  6  OTHER  DEVELOPED  AREAS 

13  AGRICULTURAL  LmND 

32  DECIDUOUS  FOREST 

24  EVERGREEN  FOREST  ' 

24  MI/.:ED  FOREST 

42  WIHITE  CEDhR  SWAMP 

7  MIXED  SWAMP 

4  DISTURBED  LAND 
54  HIGH  POCOSIN 
c.o  LOW  POCOSIN 

5  BAY  FOREST 

7  WATER  AND  MARSH 

Oo  ACTIVE  PEAT  MINE 

22  INACTI'...'E  PEAT  MINE 


HSI 

.05 
.  IS 


.  12 
.03 
.05 
.  0  3 

.  15 
,  OC 
.  13 
,05 

,05 

,  12 


HABITAT  ■': 
BOBWHITE 


UITABILITY 
IN: 


INDICES  FOR 


HABITAT  SUITABILT 
MOURNING  DOVE  IN: 


IN 


u  i  L- ::  -, 


•OR 


TYPE 

R  E  S I D  ENT I A  L  D  E V  E  L  0  PM  ENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
A  G  R I C  U  LT  U  R A  L  LAN  D 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
IMACTI'.,'E  PEAT  MINE 


HSI  T-i--PE 

11  P E S I  D ENT  I A L  D E'..' E L 0 PM ENT 
3 7  R 0 A D  S  At-) D  R I  G HT  S - 0 F  -WAY 

IS  OTHER  DE',' EL  OP  ED  AREAS 

75  AGRI  CULTURAL  LAfJD 

36  DECIDUOUS  FOREST 

43  EVERGREEN  FOREST 

39  MIXED  FOREST 

1  WHITE  CEDrtR  SWAMP 

15  MIXED  SWAMP 

7  DISTURBED  LAND 

3.i  HIGH  POCOSIN 

32  LOW  POCOSIN 

21  BAY  FOREST 

12  WATER  AND  MARSH 
0  7  ACTIVE  PEAT  MINE 
23  INACTIVE  PEAT  MINE 


HSI 


.43 

.28 

.35 

.16 

.48 

.33 

.  1  2 

.12 

.15 

.12 

.1 

.03 

.07 
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hhBithT  suitability  indices  for 
great  horned  owl  in: 


TYPE 

R  E  S I D  ENT I A  L  D  EU  E  L  0  PM  EHT 
ROADS  AND  RI  iSHTS-OF-WAY 
OTHER  DEUEL OP ED  AREAS 
AGRiC;jLTIJRAL  LAND 
DECIDUOUS  FOREST 
E'..'ERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTIUE  PEAT  MINE 
INACTIUE  PEAT  MINE 


HSI 


23 

0  7 

4 

8 

55 

P.  2 

33 


15 
0  5 
23 


HA  B I  TAT  S  U I T A  B I L I T Y 
PINE  WARBLER  IN: 

TYPE 


R E S I  D ENT  I A L  D E^.' E L 0 PM EF-JT 
R  0 A  D  S  AN  D  R I G  HT  S - 0  F -WAY 
OTHER  DEUELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
E'v'EP GREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  Si...lAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
INACTIVE  PEAT  MINE 


INDICES  FOR 


HSI 


.05 

.03 

.03 

.03 

2! 

.96 

.64 

.33 

.34 

.  1 

0 
0 


U  6 


HABITAT  SUITABILITY  INDICES  FOR      HABITAT 
HhIRY  WOODPECKER  IN:  BOBCAT  I 


S  U I T  A  B I  L I T  Y  I W  D I  C  E  S  F  0  R 


TYPi 


HSI 


TYPE 


HSI 


R  E  S I  D  ENT  I A  L  D  E'-,'  E  L  0  PM  ENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
A  G  R I C  U  LT  U  R A  L  LAN  D 
DECIDUOUS  FOREST 
EUERGREEt-;  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
INACTIVE  PEAT  MINE 


13 
0  6 
1 
0  4 


34 


R  E  S I  D  ENT  I A  L  D  E'.'  E  L  0  PM  ENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
E'.-'ERGPEEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 


.56 

MIXED  SWAMP 

.16 

DISTURBED  LAND 

•  ■-14:; 

HIGH  POCOSIN 

.36 

LOW  POCOSIN 

.42 

BAY  FOREST 

0 

WATER  AND  MARSH 

0 

ACTIVE  PEAT  MINE 

.  0  6 

INACTIVE  PEAT  MINE 

67 

65 

62 
■"■^ 

0  3 
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PATE    GF    HHei~HT    C0M'.'EP3I  CM    IN 
AREm    1.  ICZ^APIO    #1  , 
WITHOUT    THE    PROJECT. 


rSOM    DISTURBED    LAND 
T\PE 

high  pocosim 
lou  pocosim 
Bmc   forest 

■JhTER  <-iND  MARSH 
.-iCTIi.'E  PE„T  MIME 
INACTIVE  PEAT  MIME 
PES!  DENT  I AL  DE'-'ELOPMEMT 
ROADS  AND  RI  C-HTS-nF-l,)AY 
OTHER  DE'.'ELOFED  AFEAS 
hGP I  CULTURAL  LhMD 
DECIDUOUS  FOREST 
E'JEPGPEEN  FOREST 
MI:ED  FOREST 
WHITE  CEDhP  SWAMP 
Mn;:ED  SWAMP 


RATE  CF  -AP:-_T  CON'  ERSIOM  IN 
AFEA  !  .  MEriAPIO  #1  , 
WITHOUT  THE  PROJECT. 


TO: 

PRO  3EG 

END  R 

i.Z    1 

20   E 

1  o  .  5 1 

20   E 

0    0 

0 

0    0 

0 

0    0 

0 

0    n 

0 

0    0 

0 

0    0 

0 

0    0 

0 

0    0 

0 

0    0 

0 

0    0 

0 

a   0 

0 

0    0 

0 

0    0 

0 

FROM  INACTIVE  PEAT' MINE  TO: 


T,'P£ 

RESIDENTIAL  CE  'ELuPMENT 
PQAD3  r-hlD  i=':GHTS-OF-''lHV 
OTHER  DE'.'ELCPED  r^REAS 
"GRICULTUPhL  L-MD 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 

Mi;-'ED  ;wamp 

DISTURBED    LAND 

HIGH    POCOSIN 

LOW    POCOSIN 

ShV    FOREST 

I'JATER    AND    MARSH 

BY     r'EAR 

5=0  10=SIo       15= 

acti'je  peat  mime 


PRO  BEG  END  =^ 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

f. 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

luO 

5 

20 

■^ 

31 

i 

20  = 

31 

0 

0 

0 

HABITAT  CCMDITIOMS.  BCEMh-FIO  :,;, 
AT  THE  a-ID  OF  THE  PROJECT  ^EPICD 
AREfi  1  WITHOUT  THE  PROJECT. 


r/p= 


ACRES 


RESIDENTIAL  DE'-'ELOPMEMT 
POmDS  and  RIGHTS-OF-wA(' 
OTHER  DE'JELORED  rtRE>-tS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOFES~ 
:-JHITE  CEDAR  3WAM=' 
MK'ED  SWAMP 
DISTURBED  uAND 
HIGH  POCOSIN 
LOW  POCOSIM 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MIME 
INACTIVE  FEAT  MINE 


U 

0 

0 

234  3 

0 

0 

0 

0 

0 

100 

21  3-3 

1  0  1  0  0 


TO^AL 
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ACCRUED  ANMUmLIZED  Ht-BITHT  UMITS 
AT  THE  Enr  ?P  'HE  rROJECT  PERIOD 
AREA  1, SCENARIO  HI , 
WITHOUT  THE  PROJECT. 


ACCRUED  ANNUaLI:EC'  HABITAT  UNITS 
AT  THE  END  OF  -r»£    PROJECT  PERIOD. 
AREA  •  ='CEtiHRIQ  41  , 
WITHOUT  THE  PROJECT.   ■:  CONTINUED '.' 


T,'PE 

SPEC. 

' 

2 

3 

4 

5 

1   0 

0 

0 

0 

0 

2   0 

U 

0 

0 

0 

3   0 

0 

0 

0 

0 

4   o34 

15U'=' 

513 

1032 

2136 

5  0 

0 

0 

0 

0 

-■       0 

n 

0 

0 

0 

7       0 

0 

u 

0 

0 

8   0 

0 

0 

0 

0 

9   0 

0 

0 

0 

n 

10  808 

1256 

633 

253 

1204 

n  1447 

1113 

1001 

143 

6  .-3 

12  .i3-?7 

4557 

5784 

1139 

230  4 

13  0 

0 

0 

0 

0 

14  1  20 

120 

3'^5 

4  63 

"■  — ' 

15  0 

0 

0 

0 

0 

16  14 

31 

24 

13 

31 

r.PE 

6 


3PEC  . 


10 


1 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

4 

2421 

1  1  3'=' 

22 

3 

1  14 

7'v7 

10  62 

5 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

n 

0 

7 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

10 

R12 

^■52 

17 

2 

2" 

■5 

Ills 

7688 

1  1 

278 

70  5 

''2 

7 

964 

1243 

S4'-4 

12 

1052 

2892 

29 

80 

31 

55 

563  6 

3645 

13 

0 

0 

0 

0 

0 

0 

14 

16 

73 

IJ 

0 

1  30 

1361 

15 

0 

0 

0 

0 

0 

0 

16 

"'■V 

25 

1? 

7 

24 

20  6 

?470   8586   8375   5110   ■!>9u5 


470 


4313   4515   900'= 


64323 


rE  OF  HhEI~aT 


l0N"EPSI0H  IN 


WITH  THE  PROJECT. 


PATE  OF  i-i«BI'^-,T  i"0;-,',iER3I0N  IN 
mREa  1  .  BC3'imPI  U  Si  , 
WITH  THE  PROJECT. 


='0M  f-,C-.R I  CULTURAL  LAND  TO; 


FROM    DISTURBED    LrfJD 


TO: 


T-,  PE 


PRO  BEG  END 


DECIC'UOUS  FOREST 

E'.'EFCREEN  FOREST 

MIXED    FOREST 

'■-IHITE    CECaR    SI/IAMP 

MIX  EC'    SUf-iMP 

DISTURBEC'    L-r-iD 

HIGH    ROCOSIN 

LOW    POCOSIN 

EA'i'    FOREST 

WATER  AtlD  MARSH 

ACTI'-.JE  RE«T  MINE 

INh,CTI'-..'E  PEAT  MINE 

RESIDENTIAL  DE'-'ELOPMENT  0 

ROADS  I-.ND  RIGH~S-OF-i' 

OTHER    ['E'-'ELOPEC'    hiREhS 


0 

r. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 
0 

Ij 

0 
0 

0 

n 

0 

0 

0 

0 

LI 

1  0  2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HIGH    F0C03It-l 
LOW    POCOSIN 
BAY    FOREST 
WATER    AND    MARSH 
ACTIUE    PEAT    MINE 
INACTI-  'E    PEAT    MINE 
RES  I  DE'IT  I AL    DEUELOPMENT 
P OA D S    AND    R I  G HT 3 - 0 F -IJA  r' 
OTHER    DEVELOPED    AREAS 
.-.CP I  CULTURAL    LAND 
DECIDUOUS    POPE ST 
E'JERGREEN    FOREST 
MIXED    FOPEST 
i'JHITE    CEC'AR    SI..! AMP 

Mr-: ED  sijhmp 


PRO    BEG    END    R 

0  1  0 

0  1  0 

0  0  0 

0  0  0 

313  1  20       F 


0 

0 

■j 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

Q 
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RATE  OF  HABITAT  CC"^!' 'EPS  I  ON  IN 
AREA  1  . SCEMnrlO  »1  ■ 
WITH  THE  PROJECT. 


RATE  OF  HABITAT  CnNiv'ERSr  ON  IN 
AREA  I  .SCEiiARIu  t»l  , 
WITH  THE  PROJECT . 


FROM  HIGH  POCOSIN  TO: 

TYPE 

LOU    POCOSIN 
BA'r     FOREST 
i^rtTER    AND    MARSH 

active  peat  mine 
inactuve  peat  mine 
residential  dp^elopmb^jt 
roads  and  rights-of-way 
other  deueldped  areas 
agricultural  land 
deciduous  forest 
e'.'ergreen  forest 
mi;:ed  forest 

WHITE  cedar  SWAMP 
MIVED  SWAMP 
DISTURBED  LAND 


PRO  BEG  END  R 


0 

0 

G 

0 

0 

0 

0 

0 

0 

23 

1 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FROM  LOW  POCOSIN  TO: 

rrPE 

BAY  FOREST 
l-JATEP  --.ND  MARSH 
ACT  1 1. 'E  PEAT  MINE 
lriACTI'.JE  PEAT  MINE 
PE 3 1  DEMT I AL  C-E'/ELOPMB-lT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EUERGrEEN  FOREST 
MIXED  FOREST 
WHITE  CEDhiR  swamp 

mi:;;ed  si.oamp 
disturbed  land 

HIGH  PCCOSIt-J 


FRO  BEG  END  F 


0 

0 

0 

0 

0 

r\ 

103 

1 

20 

0 

0 

0 

0 

0 

0 

0 

0 

r 

u 

Ij 

,". 

0 

■- 

.-. 

0 

u 

0 

0 

f; 

\'j 

0  ' 

0 

0 

0 

0 

ID 

0 

A 

0 

0 

0 

0 

0 

0 

RATE  OF  HABITAT  cnM. 'ERSION  IN 
riREA  1  ,SCEI-iMR:0  ■»!  . 
WITH  THE  PROJECT. 


RATE  OF  HaBITmT  CONFERS  I  Or-J  IN 
AREA  1  .SCENr^FIO  #1  . 
WITH  THE  PROJECT. 


FROM  WATER  AND  MARSH  TO: 

TYPE  PRO  BEG  END  R 


FROM  ACTIVE  FEaT  MIME  TO: 


r.'-PE 


PRO  BEG  END  P. 


►^CTIi'E  PEAT  MINE 
INACTI'.'E  PEAT  MINE 
RESIDENTIAL  DE'.'ELOPMENT  0 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  Lr^ND 
DECIDUOUS  FOREST 
EUERGPEEI-J  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
i-ir.<ED  SWAMP 
DISTXPEED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 


1 1 

1 

20   F 

INACTIVE  PEr^T  MIM 

c 

1  0  0 

2 

20 

0 

0 

0 

BY  (EAR 

0 

0 

0 

5  =  2340   10  =  5o 

30 

15 

=  35 

20 

20  = 

0 

n 

0 

RESIDENTIhL  DEVEL 

JPM 

EMT 

0 

0 

0 

0 

0 

0 

ROADS  ANC'  RIGHTS- 

JF- 

l«Af' 

0 

0 

0 

0 

0 

0 

OTHER  DE'.'ELORED  -. 

=:Ef- 

r 

0 

0 

0 

0 

0 

0 

i-iGR I  CULTURAL  L^IIZ' 

(j 

c 

0 

0 

0 

DECIDUOUS  FOPE;^ 

0 

0 

0 

0 

0 

E'.-'efgfeen  forest 

iJ 

'-< 

D 

0 

0 

0 

MIXED  FOREST 

0 

0 

0 

0 

0 

0 

WHITE  CED«R  '^WAf-IP 

0 

0 

0 

0 

0 

0 

Mr<ED  SWAMP 

0 

0 

0 

0 

0 

0 

DISTURBED  LAND 

0 

0 

0 

0 

0 

0 

HIGH  POCOSIN 

n 

D 

0 

0 

0 

i3 

LOW  POCCSItl 
BAY  FOREST 
l-.iATER  At'-'D  r-IARSH 

0 
0 
0 

0 

0 
0 

0 
0 
0 

1 13«-: 
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PATE  OP  ■Jf-.B!'^"T  rrill' 'EPSION  IN 
AREA  1  .iCEM^Pin  ftl  , 
WITH  THE  PPQJECT. 

FROM  INACTI'^'E  PEAT  MINE  TO: 

TYPE  PRO  PEG  Q-ID  R 

RESIDENTIAL  DE',-'ELijPMENT  0  0  0 
POADS  hND  PIGHTS-OF-UAi-  0  0  0 
OTHER  DE'-'ELOPED  AREAS    0    0    0 


HABITAT  CONDITION';  .SCEiih-PI  "I  J»:, 
hT  THE  END  OF  THE  PROJECT  PERIOD, 
AREA  1  WITH  THE  PROJECT. 


AGRICULTURAL  LhND 

70   5 

20 

T 

BY  YEAR 

5=0       10  =  102 

15 

=  2555 

20  = 

4 -■4 

DECIC'UOU?  FOREST 

0    0 

0 

E'-'ERGPEEt-l  FOREST 

70   5 

20 

T 

BY  'vEAP 

5  =  0       10  =  20  2 

15 

=  50  0 

20  = 

^-S 

tnvED  FOREST 

0    0 

fl 

WHITE  CEDAR  SWAMP 

0    0 

ij 

ttr-ED  SWAMP 

0    0 

0 

DISTURBED  LmND 

0    0 

0 

HIGH  POCOSIN 

70   5 

20 

T 

B'l'     ('EAR 

5  =  0       10  =  35 

15 

=  37 

20  = 

1  3v 

LOW  POCOSIN 

~0   5 

20 

X 

BY  YEAR 

5  =  0       10  =  1  .:.7 

15 

=  413 

20  = 

•sS'- 

BA 1  FOREST 

0    0 

0 

;.-JATER  AND  MARSH 

70   3 

20 

T 

Bf  VEAR 

5  =  ■-■<-}  w          10  =  1S17 

15 

=  1317 

20  = 

131 

ACTI'v'E  PEAT  MItlE 

1  I        \ 

20 

F 

Tt'RE 

RES  I  DENT  I  AL  DE','ELGPMENT 
ROADS  AND  RI  GHTS-OF-WA-f 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LhND 
DECIDUOUS  FOREST 
E"ERGREEti  FOREST 
t-lI,-,ED  FOREST 
WHITE  CEDAR  3WAMF 
MIKED  SWi-,MP 
DISTURBED  LmND 
HIGH  FOCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTH'E  PErtT  MINE 
INACTIVE  PEAT  MINE 

TOTAL 


:res 


793 


IJ 

2440 

312 

1504 

0 

1549 

5oS 

2991 

15S13 


ACCRUED  ^NMUALIIEr'  Ht-BIT,-,T  UNITS 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
•-(Khi-t  It-' — I  -•-^  -  -   ^  .  , 
WITH  THE  PPOJEC". 

T-C'^  SPEC. 

•45 


U      u 

0  0 

-  127 

0  0 

■';  0 

0      0 

3739 
159 

0 

151 

JQ 

30  43 


1 

2 

0 
2   0 

0 
0 

;     0 

0 

4  ~ 

64 

1  -37 

5       0 

0 

-.   1 

1  3 

1  3- 

0 
3   0 

0 

'   0 
10  2 

544 

0 
395. 

11  3 

45 

266 

239 

12  1544  1100  1 39o 

13  0  0  0 

14  233  233  3~3 

15  40  57  34 

16  331  713  5.-0 

T  59~5  320  1  591.6 


812 


30  6 
330  4 


ACCRUED  AriNUALICEC'  HABITAT  UNITS 
AT  THE  EIJD  OF  THE  -ROJECT  PERIOD. 
AREA  1  .  5CE:.-P' '■  -;  . 
WITH  THE  PROJECT.       •:  CONTINUED' 


i"PE 


E.PEC  . 


10 


5 

0 

0 

0 

n 

0 

u 

4 

270.5 

127  3 

255 

! 

27 

so; 

1  13" 

5 

n 

0 

0 

0 

0 

0 

-. 

142 

1.;.2 

-  p  t; 

1 

=■5 

15a 

1  40  2 

7 

0 

n 

0 

0 

0 

0 

s 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  0 

2S6>- 

31  40 

541 

p 

6.5 

351  P 

241=' 

1  1 

.?6 

lo8 

221 

2 

30 

2*97 

2023 

I  2 

254 

.-.  '^  9 

7  1  '^ 

"? 

61 

1  375 

-i7'vp 

1  3 

0 

0 

0 

0 

0 

0 

14 

33 

133 

0 

0 

314 

32"4 

1  5 

40 

23 

0 

0 

1  .■■ 

284 

1  6 

5  62 

53  c. 

153 

1 

56 

5.=.0 

J735 

6244   2173   233! 
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PAT=  OF  WABITAT  CONUE=-;iOM  IM 
hPEA  2  .  ;C=NAR!0  «»1  . 
WITHOUT  THE  poOJECT. 


FROM  EVERGREEN  FOREST  TO: 

TYPE 

MIXED  F0PE5T 
WHITE  CEDAR  SUrtMP 
MI;:ED  SUhMP 
DISTURBED  LhMD 
HI3H  isOCnSIN 
LOW  POCOSIN 
BAY  FOREST 
IvIATER  ^ND  MARSH 
ACTIVE  PEAT  MINE 
IMACTIUE  PEAT  MINE 
RE3IDB-JTIAL  DP^ELOPMEMT 
POADS  -HD  PIGHT3-0F-Ulf^f 
OTHER  DE'.'ELOPED  AREAS 
^^GR I  CULTURAL  LAND 
DECIDUOUS  FOREST 


PPO  BEG  END  R 


0 

0 

0 

0 

0 

0 

0 

0 

0 

■? 

5    1 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

n 

0 

0 

0 

0 

0 

0 

PATE  OF  :-l«Sl'-T  CONVERSION  IN 
r^REA  2  .  iCENh-RIO  41  , 
WITHOUT  THE  PROJECT. 


FROM  MIXED  SWAMP   TO: 

TYPE 

DISTURBED  LAND 
HIGH  FOCOSIN 
LOU  POCOSIN 
EA'i  FOREST 
WrtTEP  -r-lD  f-'MpSH 
ACTIVE  PEAT  MINE 
INACTIVE  PEAT  MINE 
RESIDENTIAL  DE'.'ELOPMENT 
POADS  AND  RIGHTS-OF-UIAY 
OTHER  DPJELOPED  ^REr^S 
AGR !  CULTURAL  Lrrt-ID 
DECIDUOUS  =OFEST 
E>,'ERGREEN  FOREST 
MIXED  FOREST 
WHI I E  CEDAR  SWAMP 


PRO    BEG    END    R 


I 

251 

30 

u 

0 

0 

0 

0 

0 

0 

{\ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

n 

n 

n 

0 

n 

ij 

n 

0 

fi 

n 

0 

H 

0 

0 

fl 

u 

0 

0 

0 

0 

0 

=-ATE    OF    HABITAT    CONVERSION    IN 
rtRE>-i    2  .  SCEMi-iRIO    «1  , 
tvilTHOUT    T^^E    PROJECT. 


HABITAT  CONDITIO^:;, 
AT  THE  B-JD  OF  THE  h 
APEA    2    WITHOUT    THE 


-OJECT    PErlOD. 


FROM    DISTURBED    LAND  TO: 

T\'PE 

HIGH  'OCCSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  mND  MARSH 
ACTI'.'E  PEAT  MINE 
INACTI"E  PEAT  MINE 
RE5IDB-ITIAL  DEVELOPMB-IT 
ROhDS  AND  RIGHTS-OF-WA't 
OTHER  DP.'ELOPED  AREAS 
i-,GPl  CULTURAL  Lr-ND 
DECIDUOUS  FOREST 
E'/ERGREEN  FOREST 
MIXED  i^OPEST 
l.'iHITE  CEDAR  SWAMP 
Ml:^.ED  SWhMP 


FRO  BEG  EIID  R 


~  _ 

7 

1 

20 

5 

9 

1 

20 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

n 

0 

0 

D 

n 

0 

0 

ij 

n 

0 

0 

0 

0 

0 

0 

5 

■p 

1 

20 

0 

IJ 

0 

0 

0 

0 

~(PE 

RES  I  DENT  I AL  DE'.'ELOFMEI  iT 
ROADS  AMD  RIGHTS-OF-'-JAr 
OTHER  DE'-.'ELOFEC  -RE.-i2 
r-tGR  I  CULTURAL  L.-NC 
DECIDUOUS  FOFEzT 

f;,'ergree!-i  forest 
mixed  forest 

WHITE    CEDi-iR    Sl.'VI-'P 

mi>:ed  suiamp 
disturbed  land 
high  pocosin 

LOW  FOCCSir-J 
BAY  FOREST 
WATER  A.ND  MmPSH 
ACTI'JE  PEAT  MINE 
INACTI'-'E  PEAT  MINE 

TCT-mL 


hCRE  = 

0 
0 
10  71 

1147 

0 

0 

i  1? 

245 

1«7? 
0 

n 
0 
0 

7142 
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ACCPUED  ANNUALIZED  HAeiTAT  UNITS 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
APErt  2  .  ;CE;  IhPIO  *»  1  , 
I-IITHOUT  THE  PROJECT. 


ACCRUED  ANNUALIZED  HABITAT  UNITS 
AT  THE  END  'JP  THE  '='ROJECT  PERIOD. 
AREA  2  .  ECEMf-PIO  » !  . 
UUTHOUT  THE  PROJECT.   (CONTINUED'' 


TYPE 

;PEC. 

1 

2 

3 

4 

5 

1   0 

0 

0 

0 

0 

2   0 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

4   257 

5.t.S 

193 

407 

30  3 

5   0 

0 

0 

0 

0 

■t.   50  9 

59S 

30  5 

3S 

54  7 

7   0 

0 

0 

0 

0 

e  0 

0 

0 

0 

0 

9   85 

c4 

77 

30 

17 

10  355 

552 

30  2 

1  13 

529 

11  1737 

1336 

1203 

179 

SO  2 

12  1245 

SS7 

1125 

222 

54« 

13  0 

0 

0 

0 

0 

14  0 

0 

0 

0 

0 

15  0 

0 

0 

0 

0 

16    0 

0 

0 

0 

0 

413f 


40  0  4 


c44 


r<-PE 

SPEC. 

TOT. 

6 

^ 

8 

9 

10 

1   0 

0 

0 

0 

0 

0 

2   0 

0 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

0 

4   910 

42S 

S<5 

43 

300 

39-V5 

5   0 

0 

0 

0 

0 

0 

i   6 1  1 

700 

1222 

340 

6  74 

6045 

7   0 

0 

0 

0 

0 

0 

S   0 

0 

0 

0 

0 

0 

9   13 

85 

37 

62 

77 

547 

10  401 

438 

76 

121 

491 

3379 

11  334 

346 

11  14 

1158 

1492 

io20i: 

12  205 

563 

3S0 

614 

1103 

70  94 

13  0 

0 

0 

0 

0 

0 

14  0 

0 

0 

0 

0 

0 

15  0 

0 

0 

0 

0 

0 

1.5  0 

0 

0 

0 

''■> 

0 

T   24~4 

30  61 

3114 

?  C;  ~;  "7 

4143 

3125  = 

RATE    OF    HABITAT    CON'.'EPSION     IN 
rtREA    2  .     ;CE!iAPIO    Hi  . 
U1I"!"H    THE    PROJECT. 


PATE    OF    H«BI~«T    CONt,'ERSIQN     IN 
AREA    2.     SCE'irtRIG    *!;. 
WITH    THE    PROJECT. 


FROM 


;p I  CULTURAL  LAND  Tn 


FROM  E'.'EROREEN  FOREST  TO: 


T-,-PE 


PRO  BEG  END  R 


TVPE 


PRO  BEO  END  R 


C'  E  C  I  D  U  0  U  S  FORE  ST 
E'.'ERGREEN  FOREST 
MT'ED  FOREST 
(■-IHITE  CEDAR  SWAMP 
MTvED  SUiAMP 
DISTURBED  LAND 
HIGH  dijCOSIN 

low  pocosin 
bay  forest 
Whiter  and  marsh 

ACTIVE  PEaT  mine 

niACTi'.'E  pehT  mine 

R  E ; I D ENT I A L  D EVE L  0 PM ENT 
R  OA  D  S  AN  D  R I  G  HT  S  -  0  F  -l-l A ':' 
OTHER  DE'  'ELOPED  mREAS 


0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

p 

0 

i-l 

0 

1-, 

0 

'J 
0 

0 

0 
0 

0 

0 

0 
0 

45 
n 

1 

r 

'J 
0 

LI 

0 

0 

0 

0 

0 

NIXED  FOREST 

l-.IHITE    CEDAR    Si  JAM  P 

MIXED    SWAMP 

DISTURBED  LAND 

HIGH  POCOSIN 

L'jW  POCOSIN 

BAY  FOREST 

WATER  AND  MARSH 

ACTr,'E  PEAT  MINE 

INACTI'JE  PEAT  MINE 

P  E  S I  D  ENT  I A  L  D  E'  '  E  L  0  PM  ENT 

ROADS  AND  RI  GHTS-OF-IJA'f 

OTHER  DEVELOPED  AREAS 

AGRICULTURAL  LAND 

DECIDUOUS  FOREST 


0 

ij 

0 

0 

n 

0 

1 

0 
0 

0 

u 

u 

0 

0 

0 

0 

0 

--, 

0 

l-l 

3- 

1 

u 

0 

0 

0 

0 

0 

0 
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RrtTE    OF    ^APTT^T    CCN'.ERSIGN    IN 
AREA    2  •     2CSIAPI0    Bl  . 
WITH   THE    PROJECT. 


FROM   MIXED    SWAMP      TO: 

TYPE 

DISTURBED  LAND 
HIGH  P0C03IN 
LOW  P0C03IN 
BAY  FOREST 
WATER  AND  MARSH 
r-.CTI"E  FEAT  MIME 
INACTIVE  PEAT  MINE 
RESIDENTIAL  DEVELOPMENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DE>^ELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 


PRO  BEG  END  R 


0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

; 

20 

0 

0 

0 

0 

G 

0 

0 

0 

0 

0 

0 

rj 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ci 

a 

0 

0 

RATE  OF  i-nBITrtT  CCN'/ERSION  IN 
AREA  2  ,  SrEr-.ARIO  ■*!  , 
WITH  THE  PROJECT. 


FROM  DISTURBED  l_A^JD 


TYPE 


TO: 


PRO  BEG  END  9. 


HIGH  POCOSIN 
LOW  POCOSIN 
BA'r"  FOREST 
WATER  AND  MARSH 
mCTI'.'E  PEhT  MINE 
INACTIVE  PEhT  mime 
RESIDENTIAL  DE'.'ELOPMENT  0 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LhND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
Mi:.(ED  FOREST 
WHITE  CEDAR  SWAMP 
MI>ED  SWAMP 


0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

123 

1 

20 

0 

0 

0 

0 

u 

,-1 

0 

0 

0 

0 

0 

■J 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

RATE  OF  Hr^iEITAT  CONVERSION  IN 
AREh  2.  SCEi.A-IO  31, 
WITH  THE  PROJECT. 


FROM  HIGH  POCOSIN  TO: 

TYPE 

LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
r-tCTIVE  PEAT  MIME 
INACTU.'E  PEAT  MINE 
RESIDENTIAL  DE"ELORNEMT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  .-,R=mS 
AGRICULTURAL  Li-.ND 
DECIDUOUS  FOREST 
E'v'ERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 


FRO  BEG  e-ID  R 


0 

0 

u 

0 

0 

0 

0 

0 

0 

51 

1 

2^ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RATE  OF  HABI""AT  CCMVER3I0N  IN 
AREA  2  •  SCEMr^R:  ::  4;  . 
WITH  THE  PROJECT. 


FROM  LOW  POCOSIN  TO: 

TYPE 
BAr'  FOREST 

WmTer  anC'  marsh 
acti'.-e  peat  mine 
inhctu.'e  peat  mine 
residential  dp.'elupmb-jt 
roads  and  rights-of-way 
other  de^'eloped  areas 

AGRICULTUPi-L  LAMC' 
DECIDUOUS  FORES" 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  S'-ImMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 


^RO  BES  Er-JD 


39 

1 

2 

0 

0 

'J 

0 

r, 

0 

0 

c 

0 

0 

0 

n 

c 

0 

,- 

0 

0 

0 

0 

0 

0 

■J 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

j 
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RATE  CF  -li^BlT^r    rriMUERSION  HJ 
mREA  2  .  ;l£IAPP3  it!  . 
(■JITH  THE  PROJECT. 


RATE  OF  "ABIThT  COM'.iERSION  It-1 
AREA  2  ,  ::rE--HRlL'  rtl  , 
WITH  THE  PROJECT. 


-ROM  «CTI','E  PEAT  MIME  TO: 


FROM  IMACTI'.-'E  PEAT  MIt-)E  TO: 


TTPE 


PRO  BEG  END  R 


T-I-PE 


PRO  BEG  END  R 


INACTI'.'E  PEAT  MINE 
=  £31  DEMTI AL  DE'-'ELOPMENT 
ROADS  AMD  RIGHTS-OF-UIAY 
OTHER  DE'.-'ELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EUERGREEN  FOREST 
MIXED  FOREST 
l-iHITE  CEDAR  SW«t-1P 

mixed  swamp 
disturbed  land 
high  pocosin 
lou  pocosin 
Bay  forest 
water  and  marsh 


0 

0 

Ij 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

RESIDENTIAL  DEVELOPMENT  0  0  0 
ROADS  AND  PI  GHTS-OF-l'JA'i'  0  0  0 
OTHER  DEVELOPED  AREAS    0    0    0 


AGPICULTU.RAL  LAND 

240 

.- 

20 

DECIDUOUS  FOREST 

0 

0 

u 

EVERGREEN  FOREST 

30 

6 

20 

MIXED  FOREST 

0 

0 

f. 

WHITE  CEDAR  SWAMP 

0 

0 

0 

MIXED  SWAMP 

1 

6 

20 

DISTURBED  LAND 

0 

0 

0 

HIGH  POCOSIN 

1  s  . 

46 

2"! 

LOW  POCOSIN 

12. 

66 

20 

BA'f  FOREST 

D 

0 

0 

WATER  AMD  HARSH 

0 

3 

0 

ACTIi'E  FEAT  t1INE 

0 

1 

0 

HhBITAT  CONDITIONS.  rCEtiAPIO  ftl, 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
AREA  2  WITH  THE  PROJECT. 


TYPE 

P  E  S  i  D  ENT I  A  L  D  EU  E  L  0  PH  ENT 
ROADS  Ar:D  PIGHTS-0F-I..1AY 
OTHER  DE'.'ELOFED  AREAS 
riOR I  CULTURAL  LAND 

deciduous  forest 
evergreen  forest 
mi/:ed  forest 

WHITE  cedar  swamp 
MIXED  SWAMP 
T'ISTURBBC'  LnriD 
HIGH  POCOSH-.' 
LOU  POCOSIt-i 
BA-|-  FOREST 
WhTER  ANC'  MARSH 
ACTIVE  PEAT  MINE 
IMACTI'-'E  PEAT  MINE 

TOTAL 


ACRES 

0 
0 
0 

0 

599 

0 

0 

26 

463 

440 

33S 

0 

0 

300 

1  20  0 


ACCRUED  r^NNUALICEC'  HABITAT  U!-JIT3 
AT  THE  END  OF  THE  PROJECT  PERIOD 
AREA  2  .  SCENARIO  ^t  I  . 
WITH  THE  PROJECT, 


TYPE 
1 


SPEC 


2 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

4 

4S? 

10  80 

367 

775 

1529 

5 

0 

n 

0 

IJ 

0 

6 

280 

329 

168 

21 

30  1 

"7 

0 

0 

0 

0 

0 

'■-■ 

0 

0 

0 

0 

0 

9 

35 

2  '' 

-  - 

12 

7 

10 

769 

1195 

655 

245 

!  146 

1  1 

60  6 

46o 

420 

62 

280 

12 

434 

30  9 

3-3 

77 

190 

13 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

15 

21 

30 

1  ■-' 

i  5 

2 ! 

14 

137 

294 

231 

126 

294 

- 

27-! 

3730 

22-r3 

1334 

-■-.-: 
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rtCCRUED  ANNUALIZED  HABITAT  UNITS 
AT  THE  =^ID  OF  -^htP    PROJECT  PERIOD. 
AREA  2  .  ?CEMhRIO  i^i  , 
WITH  THE  PROJECT.      (CONTINUED) 


ri'PE 

SPEC. 

TOT. 

6 

" 

3 

9 

10 

1   0 

0 

0 

0 

0 

0 

2   0 

0 

0 

0 

0 

0 

5   0 

0 

0 

0 

0 

0 

4   1733 

313 

163 

32 

571 

:'o0  4 

5   0 

0 

0 

0 

0 

0 

o   336 

335 

672 

462 

371 

3323 

-'   0 

0 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

0 

9      5 

35 

15 

25 

32 

226 

10  3«7 

949 

164 

262 

1064 

7315 

11  117 

295 

339 

40  4 

521 

3553 

12  71 

196 

202 

214 

387 

247o 

13  0 

G 

0 

0 

0 

0 

14  0 

0 

0 

0 

0 

0 

15  21 

15 

0 

0 

■5 

150 

16  273 

242 

63 

63 

231 

1'53 

RATE  OF  HABITAT  CONVERSION  IN 
AREA  1 . BCENhRIO  »2. 
WITHOUT  THE  PROJECT. 


FROM  DISTURBED  LAND 

TYPE 

HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
l-)ATER  AND  MARSH 
ACTIVE  PEAT  MINE 
INACTIVE  PEAT  MIME 
RESIDENTIAL  DEVELOPMENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  ARErtS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
E'^EPGREE^J  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 


ro: 


PRO  BEG  END  R 


4.6  1 

20 

E 

15.41 

20 

E 

0    0 

0 

0    0 

0 

0    0 

0 

0   u 

Ij 

0    0 

0 

0    0 

0 

G    0 

0 

0    G 

0 

0    0 

0 

0    0 

0 

G    0 

0 

G    0 

0 

0    0 

0 

T   34: 


loo3   151-; 


3134 


;6o0  4 


RATE  OF  HABITAT  CONVERSION  IN 
AREA  1,  SCENARIO  t»2. 
WITHOUT  THE  PROJECT. 

FROM  INACTIVE  PEAT  MINE  TQj 

TYPE  PRO  BEG  END  R 

RESIDENTIAL  DEVELOPMENT 

R  GA  D  S  AN  D  R I  G  HT  S  -  0  F  -i.-Jrt Y 

OTHER    DP-'ELOFED    hREAS 

f^^GR  I  CULTURAL    L«ND 

DECIDUOUS    FOREST 

E'.'ERGREEN    FOREST 

Mr   ED    FOREST 

I'-iHITE    CEDAR    Si'lAMP 

rilXED    SWAMP 

DISTURBED  LAND 

HIGH  POCOSIN 

LOW  POCOSIfl 

BAY  FOREST 

WATER  mND  MARSH 

BY  YEAR 

5=0      10  =  300   15  =  300   20  =  300 

ACTIVE  PEAT  MINE 


HABITAT  CONDITIONS  .  ^:E'^:^iR  10  »2  . 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
i-tREA  1  WITHOUT  THE  PROJECT. 


0 

G 

G 

0 

0 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

D 

0 

0 

0 

u 

0 

0 

0 

0 

0 

G 

G 

0 

G 

0 

0 

100 

5 

■5 

=  300 

20 

0 

0 

0 

TYPE 

RESI  DENTIAL  DE','ELuPMENT 
ROADS  At-ID  R!GHT3-0F-.J(-,Y 
OTHER  DE'.'ELOPED  AREAS 
AGRICULTURAL  'j^NO 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MI  -ED  SWAMP 
DISTURBED  LhND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  r,ND  MARSH 
r-,CTI','E  PEAT  MINE 
INACTIVE  PEhT  MINE 

TOTAL 


ACRES 

0 

0 

0 

270  0 

G 

0 

0 

0 

0 

1 1 1 

oOSI 

20507 

0 

=  00 

G 

0 

30  000 
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ACCRUED  mNNIJhLI:ED  HhBITmT  IJMIT3 
AT  THE  EMD  OF  ~HE  PROJECT  PERIOD 
AREA  1  .SCEnAPIO  ft;. 
WITHOUT  THE  PROJECT. 


T'f'PE 

SPEC. 

1 

2 

5 

4 

5 

1   0 

0 

u 

0 

0 

2   0 

0 

fl 

il 

'j 

4   i4:5 

14  31 

436 

10  26 

20  2 

■5   0 

0 

0 

0 

0 

c   0 

0 

0 

0 

0 

7   0 

n 

0 

6 

0 

8   0 

u 

0 

0 

0 

9       0 

0 

0 

0 

0 

10  8?2 

1  385 

759 

285 

132 

1 1  4424 

3403 

30  6 

3   454 

20  4 

12  13R.t.5 

0948 

126 

2.6  2487 

612 

13  0 

0 

0 

0 

0 

14  114 

1  14 

34- 

44o 

5'' 

15  0 

0 

0 

0 

0 

16  14 

2v 

23 

13 

2 '6 

hccrued  -mMmijhli:ed  hhbithT  limits 
at  the  pi-id  t'p  tmp  project  period. 

AREA  1 .SCENARIO  #2, 

WITHOUT  THE  PROJECT.   (CONTIMUED) 


16311  17304  4-0'= 


1  160.6 


rrPE 


1   0 


5  0 

6  0 

7  0 

8  0 
?  0 

1  0  1  0  0 .6 

1  1  85 1 

13  0 

14  15 

15  0 

1  6  27 

T   6489 


0 

0 

0 

10  SO 

0 

0 

0 

0 


n 


;1' 


o313 

0 

-4 

0 

24 

10  747 


SPEC 


u 
0 
0 
0 
190 


04 


1  0  8 

0 

0 

0 

0 

304 

2949 

6387 

0 

0 

0 


10 


u 

0 

0 

0 

1234 

380  0 

1  243! 

0 

124 

n 


lo; 


54  li 


TOT 


U 

10071 

0 

0 

0 

0 

0 

3433 

25975 

795S3 

0 

0 


125 


RATE  CF  HmEITmT  ■'. 
AREA  1  ,  '■CS-.^?:0  ' 
l-.IITH  THE  ■PROJECT, 


^(■■ERSIOU  !M 


FROM 


:-  R I  C:  U  LT  U  R A  L  Lnt -I  D  TO: 


T-;  RE 


PC'O  BEO  EMD  P 


u 


DECIDUOUS  FOREST 

E' ■EPOREEM  FOREST  U  0 

t-U'ED  FOREST  0  0 

l-.IHITE  CEDAR  SI-IAMP  0  0 

MIXED  SI  .JAM  P  0  0 

DISTURBED  LAND  0  0 

HI  OH  POCOSIN  0  0 

LGM  POCOSIM  0  0 

BA I  FOREST  0  0 

I..IATER  AND  MARSH  U  0 

mCTIUE  PEAT  MINE  135  1 

ii-imCTI'-'E  reat  mine  0  0 

residential  development  0  0 

ROADS    AND    RI  GHTS-OF-lJA  r  Q  0 

OTHER    DE','ELOPED    .-REmS  0  0 


RATE  01^  -mBITwT  CuN'-JERSION  IN 
AREA  1  ,  ECENAPIU  t*2  , 

uuth  the  project. 


FROM  DISTURBED  LftND 

TiPE 

HI.SH  POCOSIN 
LOW  POCOSIN 
Brtf'  FOREST 
WATER  AND  MARSH 
ACTP'E  PEAT  MINE 
INmCTIVE  peat  MINE 
R  E  S  I  0  Et  T I A  L  D  E','  E  L  0  PM  ENT 
ROADS  AND  R I  i3HTS-0F-I..IA-i 
OTHER  DEVELOPED  AREAS 
AGP I  CULTURAL  LAND 
CECIDUOUS  FOREST 
EUERGREEN  FOREST 
MIXED  FOREST 
I...IHITE  CEDAR  SI-JaMP 
MI>;ED  SUIANP 


TO 


PRO  BEG  EMD  R 
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RATE  OF  HABITAT  CONVERSION  IN 
AREA  1  .SCENARIO  »2 . 
WITH  THE  PROJECT. 


FROM  HIGH  POCOSIN  TO: 

TYPE 

LOW  POCOSIN 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
INACTIVE  PEAT  MINE 
RESIDENTIAL  DEVELOPMENT 
ROADS  ♦^D  RIGHTS-OF-f.lAr 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 


PRO  BEG  END  R 


0 

0 

0 

0 

0 

0 

a 

0 

0 

195 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

'J 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RATE  OF  HrtBITAT  CONVERSION  IN 
AREA  1  ,3CE:)API0  t»2, 
WITH  THE  PROJECT. 


FRCM  LOW  POCOSIN  TO: 

rrPE 

BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
IMACTI'.'E  PEAT  MINE 
RESIDENTIAL  DEVEL0PME^4T 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDriR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 


PRO  BEG  END  R 


0 

0 

0 

0 

0 

0 

oiO 

1 

20 

0 

0 

a 

0 

CI 

Q 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

l' 

0 

0 

0 

r. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RATE  OF  HABITAT  :n^|"ER3I0N  IN 
AREA  1  .SCENARIO  *i2, 
WITH  THE  PROJECT. 

FROM  WATER  AI-ID  MARSH  TO: 

TYPE  PRO  5EG  END  R 

ACTIVE  PEAT  MINE  15  1  20   F 

INACTIVE  PEAT  MINE  0  0  0 

RESIDENTIAL  DE';EL0PMENT  0  0  0 

ROaDS  AfJD  RIGHTS-OF-WAY  0  0  0 

OTHER  DEVELOPED  AREAS  0  0  0 

AGRICULTURAL  LAND  0  0  0 

DECIDUOUS  FOREST  0  0  0 

EVERGREEN  FOREST  0  ■'<  o 

MIXED  FOREST  0  0  CI 

WHITE  CEDAR  SIaJAMP  0  0  0 

MIXED  SWAMP  0  0  0 

DISTURBED  LAND  0  0  0 

HIGH  POCOSIN  0  0  0 

LOW  POCOSIN  0  0  0 

BAY  FOREST  0  0  0 


RATE  OF  HABI'^-T  CC■^^VERSION  IN 
AREA  1  .  SCEI  :r.P  10  H2  . 
WITH  THE  PROJECT. 


FROM  ACTI'-'E  PEAT  MINE  TO: 

TYPE 

INACTIVE  PEAT  MINE 

FES I  DENT! AL  DEVELOPMENT 

P0AD3  AND  RIGHTS-OF-WAY 

OTHER  DE'JELOPED  ^-.REAS 

i-iGP  I  CULTURAL  LAND 

DECIDUOUS  FOREST 

EVERGREEN  FOREST 

MI  ED  FOREST 

WHITE  CEDhR  SWAMP 

MIXED  SWAMP 

DISTURBED  LAND 

HIGH  POCOSIN 

LOW  POCCSIN 

BAY  FOREST 

WATER  hND  MARSH 


PRO  BEG  END  R 


1  = 

■0  0  2 

2 

0 

0 

Ij 

Q 

0 

0 

0 

,- 

n 

p 

0 

3 

.- 

0 

0 

0 

0 

0 

0 

0 

0 

'J 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

c 

0 

0 

0 

0 

0 

350 


RATE  OF  HHBITf^T  COtWERSION  IN 
AREA  1  .SCEMhRI m  S2 . 
WITH  THE  PROJECT. 


HABITAT  CONDITI GNS , 3CENARI 0  n2 , 
AT  THE  END  OR  THE  'PROJECT  PERIOD. 
AREA  1  WITH  THE  PROJECT. 


FROM  INACTIVE  PEAT  MINE  TO: 


TYPE 


ACRES 


TYPE 


PRO  BEG  END  R 


RESIDENTIAL  DE'-'ELOPMENT 

0    0 

0 

ROADS  AND  RIGHTS-OF- 

-WAY 

0    0 

0 

OTHEP  DE'.'ELOPED  AREAS 

0    0 

0 

AGRICULTURAL  Lf-,ND 

5c.   5 

20 

T 

BY  -(EAR 

5  =  0       10  =  1653 

15 

=  9213 

20  = 

16 

DECIDUOUS  FOREST 

0    0 

0 

EVERGREEN  FOREST 

3.2  5 

20 

T 

BY  YEAR 

5=0       10  =  570 

15 

=  1515 

20  = 

24 

MIXED  FOREST 

0    0 

0 

WHITE  CEDAR  SWAMP 

0    0 

0 

MIXED  SWAMP 

0    0 

0 

DISTURBED  LAND 

0    0 

0 

HIGH  POCOSIN 

1  .■?  5 

20 

T 

BY  YEAR 

5=0      10  =  130 

15 

=  345.520  = 

5i 

LOW  POCOSIN 

6.3  5 

20 

T 

BY  YEAR 

5=0       10  =  440 

15 

=  1  1  C.9 

520  = 

=  1 

BAt'  FOREST 

0    0 

0 

I'-IATER  hND  MARSH 

9.7  5 

20 

T 

BY  ",'-EAR 

5  =  0      1  0  —    2  9  0  7 

15 

=  2907 

20  = 

29 

ACTH'E  PEAT  MINE 

15   1 

20 

F 

60 


5il  .1 


PESIDD-ITIAL  DE'.'ELORMENT  0 

ROADS  AND  RIGHTS-OF-WAY  0 

OTHER  DE'.'ELOPED  AREAS  0 

AGRICULTURAL  LAND  16773 

DECIDUOUS  FOREST  0 

E'-'ERGREEN  FOREST  2460 

MIXED  FOREST  0 

WHITE  CEDAR  SWAMP  0 

MIXED  SWAMP  0 

DISTURBED  LAND  0 

HIGH  POCOSIN  561 

LOW  POCOSIN  1999 

BAY  FOREST  0 

l,JATER  AND  MARSH  290  7 

ACTIVE  PEAT  MINE  150  0 

INACTIVE  PEAT  MINE  3900 

TOTAL  30000 


ACCRUED  ANNUALIZED  HABITAT  UNITS 
^HT  THE  END  OF  THE  ^■ROJECT  PERIOD, 
AREA  1  •  :CEilAPIO  ft2. 
WITH  THE  PROJECT. 


ACCRUED  ANNUhLIZED  HABITAT  UNITS 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
AREA  1  .SCENARIO  i»2 , 
WITH  THE  PROJECT.       'CONTINUED) 


TYPE 

PEC. 

1 

2 

-3 

- 

5 

I 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

a 

15o4 

3453 

1  173 

2476 

4886 

5 

0 

-, 

0 

0 

0 

o 

35i. 

41  S 

214 

27 

383 

7 

n 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

10 

2143 

3329 

1S24 

684 

3192 

1  1 

160  3 

1233 

1110 

164 

740 

12 

50  79 

3613 

4592 

■=■0  4 

2226 

13 

0 

0 

0 

0 

0 

14 

467 

467 

1422 

1  S29 

244 

15 

105 

150 

90 

75 

1  0  5 

16 

714 

1537 

120S 

,-,=;■-■ 

1537 

12031  1420--  11.^32  6313 


n3 


TYPE 

SPEC. 

TOT. 

6 

7 

3 

9 

10 

1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

4 

5538 

260  6 

521 

261 

1824 

2430! 

5 

0 

0 

0 

0 

0 

Q 

6 

427 

490 

855 

538 

472 

422=' 

•y 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

10 

2417 

2645 

45-. 

730 

2964 

20  383 

11 

308 

781 

10  23 

10  69 

1377 

9414 

12 

835 

2296 

2365 

2505 

4522 

28942 

13 

0 

0 

0 

0 

ij 

0 

14 

61 

30  5 

0 

0 

50  8 

5304 

15 

105 

—  CT 

0 

0 

45 

750 

16 

1427 

12c.3 

329 

329 

120  8 

10211 

T 

11113 

10  460 

5554 

5431 

1  2  •'20 

10353 
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PATE    OF    i-IaB!T«T    CONUERSION    IN 
AREA    2   .SCEMaPIO    tt2 . 
WITHOUT    THE    PROJECT. 


FROM    E'JERGREEM    FOREST   TO: 


TYPE 

MIXED  FOREST 
l'JHI-=  CEDAR  SUA^1P 
MIXED  SWAMP 
DISTURBED  LAMD 
HIGH  P0C03IN 
LOU  POCOSIM 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MIME 
INACTIVE  PEAT  MINE 
RESIDB-iTIAL  DB/'ELOPMEMT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DeJELOPED  AREAS 
hGR I  CULTURAL  LAND 
DECIDUOUS  FOREST 


PRO  BEG  E^^D  R 


0 

0 

O 

30 

0 

0 

c 

0 
0 
CI 
0 
0 
0 
0 

0 


PaTE  of  HABITAT  CCNVERSICN  IN 
AREA  2  .SCEMhRIO  tZ, 
WITHOUT  THE  PROJECT. 


FROM  MIXED  SWAMP   TO: 

T'r'PE 

DISTURBED  L«ND 

HIGH  POCOSIN 

LOW  POCOSIM 

BAY  FOREST 

IaIATER  AND  MARSH 

(-.CTIVE  PEAT  MINE 

INACTIVE  PEAT  MINE 

PES  I  DEMT I AL  DEVELOPMErJT 

ROaDS  AND  RIGHTS-OF-WAY 

OTHER  DEVELOPED  rtREAS 

AGRICULTURAL  LAND 

DECIDUOUS  FOREST 

E'.'EPGREEN  FOREST 

mi: 'ED  FOREST 

WHITE  CEDhR  swamp 


PRO  BEG  END  R 


51 
0 
0 

a 

0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
0 


80 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 


Rate  of  habita"^  conversion  in 

AREA  2  .  =CEMaR:  0  *f2. 

without  the  project. 


habitat  conditions.  :ce;ia='IO  n2. 
r-,T  the  emd  of  the  '=roject  period. 

AREA  2  WITHOUT  THE  PROJECT. 


FROM  DISTURBED  LAND 

T'.'PE 

HIGH  POCOSIM 
LOW  POCOSIN 
Bh/  FOREST 
WATER  AND  MARSH 
f-.CTIVE  PEAT  MINE 
INACTIVE  PEAT  MIME 
RESIDENTIAL  DE'.'ELOPMENT 
ROaDS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  L.-iND 
DECIDUOUS  FOREST 
E'.'ERGRE3-.l  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 


TO: 

PRO 

BEG 

END 

a 

4.7 

\ 

20 

c 

12. 

51 

20 

E 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.1 

1 

20 

c 

0 

0 

0 

0 

0 

0 

.3 

1 

20 

E 

Tr  PE 

PES  I  DENT  I  AL  DE','ELOFME:  iT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DE' -'ELOPED  AREA  5 
hGR: CULTURAL  LAND 
DECIDUOUS  ='OPEST 
E'.'EPGPEEN  -OPEST 
MIXED  FOREST 
l.^lHITE  CEDr^R  S'-.IAMP 
MIXED  SWAMP 
DISTURBED  Lr-ND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  AND  t-'^^RSH 
ACTIVE  FEaT  mine 
INACTIVE  PEAT  MINE 

TOTAL 


ACRES 

0 
0 

1200 
0 

90  1 
0 
0 

214 

32  45 

3914 

0 

150 

0 

0 

150  CO 
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mCCRUEC'    -irViUALIZED    HABITAT    UNITS 

hT  the  emd  of  the  project  period. 

hREA  2  .SCEN-iPin  t»2. 
WITHOUT  THE  PROJECT. 


4  24 
0 
n 
234 


1  0  275 
1  1  24- 


636 

ij 

510 

0 

0 

214 

432 

12^9 


c  loO   4388 


1, 


■J 


;4  3'. 

1  .5   0 


M 

21.1 
0 

2  to 
Ij 
0 


5PEC 
4 


105 


456 

0 


1  0  0 


1710   253 
5570   1097 


3 1  1  4 


135 


216: 


IJ 

4o7 

0 

0 

55 

414 

1  140 

2700 

0 

18 

0 


5694 


ACCRUE''  -NMU^^LI-ED  ^AETTAT  UNITS 
AT  THE  EMD  OP  THE  PROJECT  PERIOD. 
AREA  2  .  ?CE'IACIO  4t2, 
WITHOUT  THE  PROJECT.   (CONTINUED) 


TYPE 


5PEC. 


10 


TOT. 


1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

n 

0 

0 

0 

3 

0 

0 

0 

0 

ij 

0 

4 

10  20 

430 

■-'  6 

48 

336 

447.1 

5 

0 

0 

0 

0 

0 

0 

6 

521 

597 

10  42 

716 

575 

5154 

'7 

0 

0 

0 

0 

0 

0 

l-l 

0 

0 

0 

Ij 

0 

0 

9 

44 

234 

125 

207 

253 

1S30 

10 

313 

343 

59 

■=5 

384 

2c.44 

U 

475 

120  3 

15S3 

1646 

2121 

1449'^ 

12 

1013 

2785 

2SC.9 

3038 

5485 

35106 

13 

0 

0 

0 

0 

0 

0 

14 

J 

23 

Ij 

0 

33 

392 

15 

0 

0 

0 

0 

0 

0 

1.- 

0 

0 

0 

0 

0 

0 

3391 


"14 


641  OO 


PATE  C-  -•f-P'T^T 
hPEA  2  .  r'~EfiA^'' 
■■.HTH  ^H£  ^'POJEC 


.:■';■ -■EPS  I  ON    IN 
'*2. 


RATE  CP  H^Ri-4T  ■: 
rtPEA  2  .  E':E'I-,::0 
I.IIT-H    THE    PROJECT 


onuersion  in 


RON  AC-PI  rULTUPf-,L  L«MD  Tl 
T  VPE  F 


SEC  Ef-ID  P 


FROM  Z"£~ 


:  -  ^!. 


:PEST  TO: 


T-fPE 


PRO  BEG  END  R 


['ECIDUOUS  FOREST 
E'.-'EPOPEEM  FOREST 
MIXED  FOREST 


!JHITE  CEDAR  SWAMP 

j 

0 

MIXED  SWAMP 

0 

0 

DISTURBED  LAfiD 

0 

Ij 

HIGH  POCOSIH 

0 

Ij 

LOI...I  PC':  OS  IN 

Ij 

0 

EA":  FOFEST 

n 

n 

WATER  hND  MARSH 

0 

0 

hCTI'-'E  PEAT  MINE 

■sG 

1 

INACTI'/E  PEhT  MINE 

,-; 

0 

RES  I  DENTIhL  DE'.'ELOPt- 

ENT 

0 

0 

POADS  AND  RIGHTS-OF- 

WAY 

0 

0 

OTHER  DE' ■ELOPED  hREA 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MT'ED  FOREST  j  1 

WHITE  CEDhR  swamp  0  0 

MIXED  SWAMi^  0  0 

DISTURBED  LhND   '  0  1 

HIGH  POCOSIN  0  0 

LGI.'.I  POCOSIN  0  0 

EA.'  -0RE3T  0  0 

I'.IATER  AND  MARSH  0  0 

ACT  1 1, 'E  PEAT  MINE  60  1 

INACTI'/E  PEAT  MINE  0  0 

RESIDENTIAL  DE'v'ELOPMErJT  0  0 

POADS  AliD  RIGHTS -OF -WAY  0  0 

OTHER  DE' -'ELOPED  APEhS  0  0 

AGRICULTURAL  LhND  0  0 

DECIDUOUS  FOREST  0  0 


35  3 


RATE  OF  HABITAT  CCM'.'ERSI  ON  IN 
AREA  2  .  SCENARIO  =t3, 
WITH  THE  PROJECT. 


FROM  mi:, ED  SWAMP   TO: 

TYPE 

DISTURBED  LAt-lD 
HIGH  P0C03IN 
LOU  POC03IN 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
INACTIVE  PEAT  MINE 
RESIDENTIAL  DP^ELOPMEMT 
''OADS  AND  RIi3HT3-0F-UAY 
OTHER  DEi^'ELGPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
e.'ERGREEN  FOREST 
Mi:^ED  FOREST 
WHITE  CEDAR  SWAMP 


PRO  BEG  END-  R 


0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22 

51 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RATE  OF  HABITrtT  CONVERSION  IN 
AREA  2  .  SCENARIO  42, 
WITH  THE  PROJECT. 


FROM  DISTURBED  LAND      TO: 

TYPE 

HIGH  P0CQ3IM 
LOW  POCOSIM 
BAi  FOREST 
WATER  r-ND  MARSH 
MOTIVE  PEAT  MINE 
INACTIVE  FEAT  MINE 
RESIDENrriAL  DEVELOPMEtIT 
ROADS  AND  R!GHTS-OF-WAf- 
OTHER  DPJELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EUERGREEN  FOREST 
Mi;;ED  FOREST 
WHITE  CEDAR  SWAMP 
MIYED  SWAMP 


PRO  BEG  £t-iO    R 


0 

1 

0 

a 

1 

0 

;j 

0 

0 

0 

0 

105 

! 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

a 

0 

0 

0 

0 

0 

1 

0 

0 

0 

:3 

0 

0 

0 

0 

1 

0 

RATE  OF  HABITAT  CCN'.'ERSION  IN 
AREA  2  .  SCE!-..-.R:  :•  :»I, 
WITH  THE  PROJECT. 


F^OM  HIGH  POCOSIN  TO: 


TYPE 


PRO  BEG  END  P 


LOW  POCOSIN 
BAv'  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
!NACTr;E  PEAT  MINE 
RESIDENTIAL  DEVELOPMENT  0 
ROhDS  AND  PIGHTS-OF-WAi 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  L^-ND 
DECIDUOUS  FOREST 
P.'ERGRES^I  FOREST 
^■1I;^ED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 


0 

0 

0 

0 

0 

a 

0 

0 

0 

1  35 

1 

20 

0 

Q 

0 

0 

0 

0 

u 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ci 

0 

0 

0 

Q 

0 

0 

c 

0 

0 

0 

0 

RhTE  of  H^^eiT„T  CONVERSION  IN 

1-iPEh  2  .  MSt!i-P!-  ;*;, 

I'lITH  THE  PROJECT. 

FROM  LOW  POCOSiri  TC : 


BAY  FOREST 
WATER  MiND  HARSH 
ACTIVE  PEhT  MINE 
I^iACTI^'E  PEAT  MINE 
RE3I  DENTIAL  C'E'-'ELOPMENT 
ROADS  AND  RIGHTS-OF-'.JAY 
OTHER  DE'.'ELOPED  AREf-.9 
AGRICULTURH.L  L«ND 
DECIDUOUS  FOREST 
E'-ERGREETl  FOREST 
MIXED  FOREST 
l'.(HITE  CE-'f-R  SWAMP 
Mi:<ED  SWAMP 
DISTURBED  L-^ND 
HIGH  POCOSIM 


r' 

RO 

BEG 

3i 

0 

1:3 

0 

0 

1.1 

0 

3 

50 

1 

20 

0 

u 

u 

0 

0 

0 

ij 

IJ 

0 

0 

0 

0 

0 

0 

.-J 

0 

0 

0 

0 

fl 

0 

0 

0 

0 

0 

0 

Ij 

0 

0 

0 
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RATE  OF  Ht^BITAT  C0M"FR3I0N  Vi 
AREA  2  .  ECE'IhPIO  h2  , 
WITH  THE  PRiJJECT. 


PATE  OF  HABITAT  COt  I'.  EPSI  ON  IN 
APEA  2   '     :CEfl(-,P:  ;j  42, 
WITH  THE  PROJECT. 


FROM  UhTER  and  MARSH  TO: 

T-f-pE  PRO  BES  end  R 


CTI'.-'E  PEAT  MINE 
r-JACTI'-'E  PEAT  MINE 
ESI  DENT  I AL  DE'.'ELOPMENT 
■n;-,DS  hND  PIOHTS-GF-WAt 
THER  DEI'ELGPED  rtPEAb 
:GP I  CULTURAL  LAND 
ECIDUDUS  FOREST 
'.'EPGREEN  FOREST 
I;  ED  -OREST 
HITE  CEDAR  SWAMP 
I:-:ED  SWAMP 
ISTUREED  LAND 
IGH  POCOSIN 
ON  POCOSIN 
FOREST 


""■      ^ 

5    1 

2 

0 

0 

0 

n 

0 

0 

n 

0 

0 

0 

Q 

0 
D 

0 
0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FROM  ACTIME  PEAT  MINE  TO: 

TYPE  PRO  BEG  END  R 


INACTIVE  PEAT  MINE 
P  E  S I D  ENT I rt  L  D  EV E  L  0  F  M  ENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DE^'ELOPED  .^PEAS 
AGRICULTURAL  LhND 

deciduous  forest 
E'.'Epgreen  forest 

r-IIXED    FOREST 
WHITE    CEDAR    SWAMP 
Mr,<ED    SWAMP 
DISTURBED    LAND 
HIGH    POCOSIN 
LOW    POCOSIN 
BAY    FOREST 
WATER    At-iD    MARSH 


30  2 


20 


0 

0 

0 

0 
u 

0 
0 

0 
u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

r. 

0 

0 

0 

u 
0 

G 

0 

0 

0 

0 

0 

'J 

0 

0 

RATE  0"  HhEITAT  CONVERSION  IN 
AREA  2  ■  SCE'it-,R!0  *»2. 
WITH  THE  PROJECT. 


-ROM 


NACT1"E  PEi- 
T-f'PE 


MINE 


PRO  BEG  END  R 


PES  I  DENT  I  rL  DE'v'ELOFMENT  0    0 

ROADS  AND  RIGHTS-OF-WAY  0    0 

OTHER  DEUELORED  AREmS    0    0 

AGRICULTURAL  LAND         6t,       5 

3Y  f'EAR 

5=0       10  =  2280  ! J  =  oOoO 

DECIDUOUS  FOREST  0    0 

EVERGREEN  FOREST 

e'r'  t'Ef-p 

5  =  0       ! 0  =  2S5   1 

MIXED  FOREST 

WHITE  CEDftP  SWmMP 

MIXED  SWAMP 

BY  YEAR 

5=0       10  =  12.4  1 

DISTURBED  LhND  0    0 

HIGH  POCOSIN  2.1  5 

BY  YEAR 

5=0       10  =  74.3  15  =  197. 

LOW  POCOSIN  5.7  5 

BY  ,'EhR 

5=0      10  =  19S.315  =  526. 

BAf  FOREST  0    0 

:-JATER  hND  MARSH  0    5 

ACTI'v'E  PEhT  mine  0    1 


u 

20  T 

20  =  '-'S-iO 
0 

20  T 

)20  =  1230 


0 

20 


HABITAT  CONDITIONS,  SCENAPrO  S2 . 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
APEA  2  WITH  THE  PROJECT. 


T-i'PE 

RESI DENTI AL  DEVELOPMENT 
R  0 A  D  S  AN  D  RIGHTS-  0  F  -WA"  c" 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
E'-'EPGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDrtR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIti 
BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
INhCTIVE  PEAT  MINE 

TOThL 


ACRES 


984L 
0 

1230 
0 


750 

1  '-^O 


15000 
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hCCRUEj  f^NMUrtLi:ED  HABITrtT  UMIT3 
AT  THE  SND  HF  THE  PROJECT  PERIOD. 
AREA  2  ,  ECEMAR.'O  '♦2, 
WITH  THE  PROJECT. 


TYPE 

zPEC. 

I 

o 

3 

4 

5 

1   0 

0 

0 

0 

0 

2   0 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

4   991 

2139 

744 

1570 

30  93 

5   0 

0 

0 

0 

0 

a       40* 

477 

244 

30 

437 

7   0 

0 

0 

0 

0 

S   0 

0 

0 

u 

u 

9   179 

135 

163 

63 

35 

10  4a9 

723 

399 

150 

693 

11  1Q91 

339 

755 

1  12 

50  4 

12  2723 

1939 

2462 

4S5 

11=3 

13  0 

0 

0 

0 

0 

14  16 

16 

50 

.54 

9 

15  53 

75 

45 

38 

53 

lo  348 

749 

5S8 

321 

749 

rtCCSUED  AMNUALI-EC'  HABITAT  UNITS 
"T  THE  i^ND  OF  "HE  "OOJECT  PERIOD. 
AREA  2  .  SCEMAPro  32. 
UHTH  THE  PROJECT.      ■ CGNTIMUED) 


•YPE 


;PEC 


10 


TOT. 


1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

n 

0 

u 

4 

3511 

l.s52 

330 

lo5 

1  1  57 

1540 

D 

0 

0 

0 

0 

;1 

n 

■t, 

437 

553 

y  75 

670 

5  33 

4822 

" 

0 

0 

0 

0 

e 

5 

0 

0 

0 

9 

2S 

17« 

79 

1  31 

lo3 

115o 

10 

529 

579 

100 

1  iO 

o4:i 

445? 

1 1 

210 

53! 

o99 

727 

■5  3  7 

o40  3 

12 

443 

1231 

:2o3 

1  343 

2424 

1551 

13 

0 

0 

0 

0 

0 

'J 

14 

2 

1  1 

0 

0 

1  c 

136 

15 

5"^ 

33 

0 

ij 

23 

375 

lo 

o"5 

.il5 

1.5U 

1  iO 

538 

4973 

714'; 


5449   2332 


361 : 


PATE  OF  HwBITAT  COMUERSIOH  IN 
AREA  3  .  3CEMf,R:3  ^2, 
WITHOUT  THE  PROJECT. 


RfiTE  CF  --^P' 
-iREA  3  .  3CEr 
WITHOUT    THE    PROJECT 


■T    CON'.'ERSION    IM 
■I'Z    43. 


FROM    MIXED    SWrtMP 


T'rPE 


•Q: 


FRO    BEG    EMD    P 


FROM    DrSTUPBEO    Lr-.M& 
Tf-RE 


PPO  3EG  EMD  R 


DISTURBED  LA^^D 
HIGH  POCOSIN 
LOW  POCOSIN 
EAr  FOREST 
i-iATER  AND  MARSH 
ACTIUE  REhT  MltJE 
INACTIVE  PEAT  t1IHE 
RESIDENTIAL  DEVELOPMENT  D 
ROADS  AND  PI GHT3-0F-M. 
OTHER  DE' .'ELOPED  hREAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MI>:ED  FOREST 
WHITE  CEDAR  SWAMP 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ri 

1 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HIGH  POCOSIN 

LOW  Pocosir-i 

SAY  FOREST 
WATER  ^tND  MARSH 
ACTI'.'E  peat  MINE 

INACTI'.'E  PErtT  MINE  0 

RESIDENTIAL  DE"ELOPMENT  0 

Rui^DS  A;-J&  RIGHTS-OF-I'.IAi"  u 

OTHER  DE-  'ELOPED  -iPEf-3  " 

AGR I  CULTURAL  L--.ND  0 

DECIDUOUS  FOREST  0 

EVERGREEN  FOREST  0 

MIXED  FOREST  0 

WHITE  CEDAR  SUIhMR  0 


12.41 

; 

3,3  1 

2 

0    0 

0 

0    0 

0 

0    1 

0 

MIXED  SWhMP 


4.3  1 


f 
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HABITAT  COMDITIONS,  tCHIARIG  tt2. 
AT  THE  END  OF  THE  PPOJ;ECT  PERIOD. 
AREA  3  WITHOUT  THE  PROJECT. 


TYPE 

R  E  S I  C'  Er  JT I H  L  D  E>,"  E  L  0  PM  Et-IT 
ROAD?  A;-iO  RIGHTS-OF-IvIAY 
OTHER  DE'VELOPED  AREmS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
I'JHITE  CEDAR  SWAMP 
MI>ED  SUIAMP 
DISTURBED  LAt-iD 
HIGH  POCOSIN 
LOW  POCOSIN 
BA-,'  FOREST 
I'.IATER  hND  marsh 
mCTI'JE  PEhT  MINE 
INACTIVE  PEAT  MINE 

TOTAL 


ACRES 


ACCRUED  hNNUALIIED  HABITAT  UNITS 
AT  THE  E!JD  OF  TWf  PROJECT  PERIOD. 
AREA  3  .  SCENARIO  t*2 , 
WITHOUT  THE  PROJECT. 


TcPE 

s 

FEC; 

0 

1 

V 

;t; 

4 

5 

0 

0 

1 

0 

0 

0 

0 

0 

0 

2 

0 

u 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

1  63 

7 

0 

0 

0 

n 

0 

533 

;::. 

0 

0 

0 

0 

0 

1  ^■:>JO 

7«o 

5 

y^' 

723 

279 

155 

5325 

10 

324 

1 

230 

701 

2o3 

1227 

0 

11 

142-'5 

1 

:i^v6 

'='397 

1466 

o5'?3 

0 

1  2 

3567 

'-.■ 

541 

3225 

635 

15«.3 

0 

1  3 

0 

n 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

1  5 

0 

0 

0 

0 

0 

2.i0  0  0 

1  ■*■ 

n 

0 

0 

0 

0 

=•432  1541( 


14546  2643   9544 


ACCRUED  riMt-.IUAL!2ED  HhBI~.-iT  IINITS 
r-iT  THE  END  OF  ^HE  PROJECT  PERIOD. 
riREA  3  •  ;CEMAC':ij  it"  , 
WITHOUT  THE  PROJECT.   '' CONTIflUED  J 


TYPE 


10 


TOT. 


Rate  OF  hhBI'I'rT 
AREA  3  .  3  ;s:  :--.P  I  ■ 

WITH  THE  PROJEC"; 


-ROM 


MI,, ED  SWh 
TYPE 


■MP 


OtH.'ERSION  IN 


PRO  BEG  END  R 


4   0 


a  u 

■?  124 

I  0  929 

I I  2-49 
!  2  539 

13  0 

14  0 

15  0 

16  0 


43£ 


0  0 

~9-,  351 

1017  1 75 

69o4  9164 

l9l2  I99I 

0  0 

0  0 

0  0 


10  389  113= 


231 

9530 

1759 

0 

0 


1214S 


M 


U 

723 
1  140 
1  227'? 
3176 

0 
0 

173!i 


33940 
20  325 


DISTURBED  LAND 

HIGH  POCOSIN 

LOW  POCOSIN 

BAr'  FOREST 

WATER  AND  MARSH 

AiCTI'.'E  PEAT  MINE 

INACTIVE  PEAT  MINE 

R  E  S I  C'  ENT  I A  L  D  E'-,'  E  L  0  RM  ENT 

ROADS  AND  RIGHTS-OF-WAi' 

OTHER  DE','eLOFED  AREAS 

r-.GRICULTURHL  L^-.rJD 


;iDU0U3  FORES" 


Dc 

E'.'ERGPEEt'l    FORE'ST 
MIXED    FOREST 
WHITE    CEDAR    SI-AMP 
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RATE  OF  MmPITAT  ri-t-i.-'ERSI  ON  IN 
hREA  3'  ECENr-RIG  ^2, 
WITH  THE  PROJECT. 


PATE  OF  HABI~-T  ■:0M','ER3ICM  :M 
APEa  3  .  5CE?i.-.R:  :•  32, 

uiT'H  -HE  =ro;ect. 


FROM  DISTURBED  LhHD 

TYPE 

HIGH  P0C03IM 
LOW  FOCOSIN 

SAi'  FOREST 
l.'.IATEF  AND  t''AF5H 

acti'je  peat  mine 
inacti';e  peat  mine 

residential  DE'^'ELOPMENT 
ROADS  AND  RIGHTS-OF-WA'r 
OTHER  DEVELOPED  aPEAS 
AC-R  I  CULTURAL  LmND 
DECIDUOUS  FOREST 
E'.'ERGREEI-I  FOREST 
mi:.: ED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 


TO: 

PRO 

BEG 

END    R 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

39 

t 

20       f 

Ci 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0  ■ 

1 

0 

FROM  HIGH  R0C03IN 


TfPE 


=R0  BEG  END  R 


LOW  P0C03IN  0 

SA'r  FOREST  0 

'■JATEF  r-,ND  MARSH  0 

ACTI'JE  PEAT  MIME  :"S0 

IMACTI'.'E  PEAT  MIME  j 

RESIDENTIAL  DEVELOPMENT  0 

ROADS  AND  RIGHTS-OF-WAY  0 

OTHER  DEiJELOPED  mREaS  D 

AGRICULTURAL  Lr^.!  ID  G 

DECIDUOUS  FOREST  0 

E'JERGREEM  forest  ij 

mi;  ED  FOREST  0 

I'Jhite  cedmR  swamp  0 

Mi:.i.ED    SWAMP  0 

DISTURBED    Li-,ND  0 


0 
20 


0 

0 

0 

•0 

i; 

Ij 

0 

0 

0 

0 

U 

0 

0 

0 

0 

0 

RA I  E    CiF    ^- 
hREA     i    •      Z-^'-'-r 
WITH    THE    PC'OJEC 


-"    CCt-l>/ERSION    IN 


RATE  Or  ,-me:--.t  cc[1' ersign  in 

AREA  :■  .  ECEMr-FIO  =tl. 
WITH  THE  PROJECT. 


FROM  LOW  FOCOSIN  TO: 
TYPE 


FRO  BEG  END 


FROM  r.CTI','E  PEaT  MIME 
T-'PE 


PRO  BEG  END  R 


BAY  -0RE5T 

i'jatep  and  '-"arsh 
acti'.'e  peat  mime 
■nactt'je  peat  mine 

residential  DE"EL0PMENT 
ROADS  AND  RIGHTS-OF-Mmc 
OTHER  DEVELOPED  «REi-,S 
fiGPI  CULTURAL  L-ND 
DECIDUOUS  FOREST 
E'-.'ERGREEN  FOREST 
Mi:<ED  FOREST 
I'lHITE  CEDaR  SWAMP 
Mi;<ED  SI/IAMR 
DISTURBED  LhND 
HIGH  POCOSIN 


0 

0 

0 

0 

0 

0 

20  3 
•J 

u 

20 
0 

0 

0 

0 

0 

0 

,-1 

fl 

0 

0 

0 

ij 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

M 

0 

,-j 

0 

0 

0 

0 

0 

0 

0 

0 

INACTIVE    PEA"^    '-"I.-JE 

;  ; 

^00  2 

20 

RES  I  DENT  I AL    DEVELOpf- 

ENT 

n 

0 

0 

RCADS    r-ND    RIGHTS-OF- 

■.1-1  T 

0 

J- 

n 

OTHEP    DE'  'ELOPED    «RE^-. 

S 

0 

0 

0 

AGRICL'LTUR>-,L    L.r-f  iD 

0 

0 

i; 

C'ECIDUOUS    FORE-T 

■:i 

ri 

fl 

E"ERGREE!i    FOREST 

0 

0 

0 

MIXED    FOREST 

•J 

■1 

("• 

UiHITE    CEDAR    SWmM  = 

' 

-- 

MTiED    SWAMP 

fi 

•| 

3 

DISTURBED    L.-iND 

0 

0 

0 

HIGH    POCOSIN      ^ 

0 

0 

0 

LG!0    POCOSIN 

IJ 

0 

0 

BA'r    =OREST 

0 

0 

0 

i-,;^,TE-    -iND    MARSH 

!*' 

0 

0 
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PATE  C^    Hr^E!"^^T  CCt"  SRSI CN  IM 
AREA  3  ■  ICE- JAP  I  U  tt2  , 
WITH  THE  P='i:iJElT. 


HABITAT  COMDITICMS-  zCErinPIU  tt2  , 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
AREA  3  WITH  THE  PROJECT. 


FROM  IMACTI'.'E  PEAT  MINE  TO: 

Tr'PE  PRO  BEG  END  R 

RESIDENTIAL  DE'-'ELOPMENT  0    n    0 
ROA03  mIID  RIGHTS-OF-i.OAY  0    U    0 
OTHER  DE'-JELOPED  AREAS    0    0    0 
AGRICULTURhL  land         i5   5    20   T 
BY  YEAR 

5=0       10  =  3120  15  =  99t,n  20  =  LiSOO 
DECIDUOUS  FOREST         0    0    0 
E'.'ERGPEEN  FOREST  S.l  5    20   T 

SY'  I  Ear 

5  =  0       10  =  3>0   15  =  1245  20  =  2100 
MIYED  FOREST  0    0    0 

IIHITE  CEDAP  SWAMP         0    0    0 
MIXED  SWAMP  1 .755    20   T 

BY  YEAR 

5=0       10  =  34.5  15  =  2.t.v.520  =  454.6 
DISTURBED  LAND  0    0    0 

HIGH  POCOSn-l  5    5    20   T 

BY  ■t'EAR 

5  =  0       10  =  241.215  =  7~n.l20  =  1 2?9 
LOU  POCOSIM  1.3  5    20   T 

SY  ('Ear 

5  =  0       10  =  64.3  15  =  205.420  =  346.4 
3Ai'  FOREST  0    0    0 

■IhTER  .^ND  MAPSH  0    5    0 

^^CTIL'E  PEAT  MINE  0    1    Q 


TYPE 

R  E  S I  C'  ENT I H  L  D  E'.-'  E  L  0  PM  ENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DE"ELuPED  AREAS 
AGRICULTURAL  Lr^ND 
DECIDUOUS  FOREST 
EL'EPGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
WATER  nND  MARSH 
hCTIUE  PEhT  MINE 
INACTIVE  PEAT  MINE 

TOTAL 


ACRES 

0 

0 

0 

16300 

0 

2100 

0 

0 

455 

0 

1299 

346 

0 

0 

130  0 

3700 

260  OC 


-.CCRUED  r-NNUALi:ED  HABITAT  UNITS 
-,T  THE  END  JJF  THE  PROJECT  PERIOD. 
-,REh  5  •  3CiM"'-  10  ^^■ 
■.IITH  THE    "FOJtCT. 


I'PE 
1 


SPEC 


mlCPUED    ANNUf-L::ED    HAE!Tr-,T    UNITS 
AT    THE    E'-ID    OF    THE    i=POJECT    PERIOD, 

AREA  3  .  S':ex-=:  ;  ^.: , 


WITH  THE  PROJECT. 
TYPE 


:  CONTINUED' 


SPEC . 


10 


TOT. 


1042 


2200   4j4; 


;, 

2  y  0 

B'^O 

174 

22 

-;  [    \ 

-? 

0 

ij 

0 

0 

0 

3 

0 

tj 

0 

0 

0 

6 

2113 

1595 

r-'25 

743 

4  1  3 

1  0 

174 

270 

145 

5  6 

—  -1 "' 

1 1 

6129 

4715 

424  3 

.=  2^ 

232? 

12 

1  530 

10  90 

13S3 

272 

671 

1 :3 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

1  5 

9  1 

1  30 

79 

65 

9  1 

1  6 

■z-  '^  5 

1432 

1  125 

6l4 

14  32 

4 

4922 

231  t 

4.; 

5 

0 

0 

0 

,;. 

347 

393 

6'' 

7 

0 

0 

0 

s 

0 

0 

0 

0 

330 

21  13 

10 

19.;. 

215 

1 1 

1  179 

2-S6 

12 

251 

.6  91 

T 

13 

0 

0 

0 

14 

0 

0 

0 

15 

91 

-■   _l 

0 

1  6 

1  329 

1  1-0 

31- 

0 

0 

0 

0 

0 

0 

232 

0 
1621 

21597 

0 

IJ 

0 

473 

334 

3433 

0 

0 

0 

0 

0 

0 

1540 

1  925 

13641 

59 

241 

1  o56 

40  36 

5265 

35933 

754 

1  362 

3717 

0 

0 

0 

0 

0 

0 

0 

39 

650 

307 

1  125 

9  509 

T   12  335  12  6-11: 


101 13  460  0 


10  547 


3646 


■.:.5 


'456   H9.si 


;196 


359 


PATE    OF    HHSITriT    CONVERSION    IN 
AREh     4  .      zCZ:\f-,PlO     42, 
WITHOUT    THE    FftOJECT. 

FROM    WHITE    CEDmR    SUrt-IP    TO: 

Tf'PE  PRO    BEG    END    R 


mi>.eo  swamp 

0 

a 

0 

DISTURBED  LAND 

1 . 

251 

so 

HIGH  P0C03IN 

0 

0 

0 

LOW  POCOSIN 

0 

0 

0 

BAY  FOREST 

0 

0 

0 

l:>)ATER  AND  MARSH 

0 

0 

0 

ACTIVE  PEAT  MINE 

0 

0 

0 

INACTIVE  PEAT  MINE 

0 

0 

0 

RESIDENTIAL  DEVELOPMB-IT 

0 

0 

0 

ROADS  AND  RIGHTS-OF-WAY 

0 

0 

Ci 

OTHER  DEVELOPED  AREAS 

0 

0 

0 

aGRICULTUPcL  Land 

0 

0 

0 

DECIDUOUS  FOREST 

0 

0 

0 

E'.'ERGREEN  FOREST 

0 

0 

0 

m!;;ed  forest 

0 

3 

0 

Pi-iTE    OF    HAS:~-.T    lOMVERSION    IN 
r-REA    4.     SCEiiriRIG    32, 
WITHOUT    THE    rPOJECT. 


F R CM    M I X ED    SWhM P       TO: 

TYPE 

DISTURBED  LaND 
HIGH  POCOSIN 
LOU  POCOSIN 
BAY'  FOREST 
WATER  hND  marsh 
ACTIVE  PEAT  MINE 
INACTIVE  PEAT  MINE 
RESIDENTIAL  DEVELOPMENT 
ROaDS  mND  RIGHTS-OF-UaY 
OTHER  DEVELOPED  AREAS 
aGPICULTUPuL  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
t-ir;ED  FOREST 
WHITE  CEDhR  swamp 


PRO  BEG  END  R 


30 


0 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

Ij 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

IJ 

RATE  Cr  HhBITAT  CGN';E=3IGN 
AREA  4  .  MTU- 10  42. 
WITHOUT  THE  PROJECT. 


FROM  DISTURBED  LhND 

■"fFE 

HIGH  POCOSIN 
LuUI  POCOSIN 
Bay  FOREST 
WATER  mND  marsh 
ACTIVE  PEhT  mine 
IM.-,CTI'iE  PEAT  MIME 
RESIDENTIAL  DEVELOPMENT 
FOaDS  -^ND  RISHTS-OF-WAY 
OTHER  DE'/ELOPED  AREAS 
AGRICULTURAL  Lr-ND 
DECIDUOUS  FOREST 
E'/ERGPEEN  FOREST 
MIXED  FOREST 
WHITE  CEDhR  SlvlAMP 
MIXED  SWAMP 


PRO  BEG  END  R 


PATE  Or  HaSITAT  "CNVERSION  IN 
AREA  4  .  SCE'IriR:  0  =*2. 
WITHOUT  THE  =R0JE:~. 


FROM  SAY  FOFEST  TO: 
Ti  >='=■ 


^•PO  BEG 


5 . 3 

20 

c 

WATER  AND  MARSH 

j 

0 

0 

6.4 

1 

20 

c 

actiije  feat  mine 

u 

0 

0 

1  .i 

1 

20 

E 

INACTI'.'E  oc^T  MIME 

,-j 

G 

i] 

0 

0 

0 

F  ES I  DENT  I AL  DE'.'ELuPh 

ENT 

0 

0 

G 

Cl 

1 

0 

ROaDS  AND  RIGHTS-OF- 

sir-,', 

0 

•j 

0 

0 

0 

0 

OTHER  DEVELOPED  -RE:^ 

3 

0 

0 

n 

0 

0 

0 

AGFICULTUPriL  LMtiD 

1.' 

,-, 

j 

(-. 

0 

0 

D  E  C  I  C'  U  0  U  S  fOP£z~ 

j 

'j 

0 

0 

0 

E'.'ERGREEN  FOREST 

0 

0 

'J 

0 

0 

0 

;-ir,.ED  FOREST 

G 

0 

0 

0 

n 

0 

I'JHITE  CEDmR  SWmMP 

G 

0 

0 

0 

1 

0 

m::ed  swamp 

0 

u 

0 

0 

G 

0 

DISTURBED  LAND 

7 

1 

lOu  E 

.  2 

1 

20 

E 

HIGH  POCOSIN 

0 

0 

0 

a.  4 

1 

20 

p 

LOW  POCOSIN 

0 

G 

0 
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HABITAT  CuNDITIQMi.  ^C^E^I^-^'^lO    t*2  , 
hT  THE  END  OF  THE  PROJECT  PERIOD. 
ARE«  4  IJITHOUT  THE  PROJECT. 


TVPE 

RESIDENTIAL  DE'.'ELOPME!  IT 
PijhDS  1-iND  RIGHTS-OF-l'.lHt 
OTHER    l€'  'ELOPED    AREhS 

agr i  cultural  land 
decic'uous  fop  est 
e'v'Epgreen  forest 

MIXED    forest 
WHITE    CEDAR     SI'IaMP 
Mi;<ED    SWAMP 

disturbed  land 
high  pocosin 
low  pocosin 
BhY  forest 

W(-.TER    hND    MttRSH 
ACTIVE    C'EAT    NINE 
INACTV'E    PEAT    M!t-iE 


TOTAL 


^CPES 


U 

260 

0 

0 

0 

1  65 

139 

308 

4v4g 

600  5 
495 
130 
0 


ISOOl 


r^CCPUED    ANNUALIZED    HABITAT    UNITS 
hT    THE    END    OF    TMF    PROJECT    PERIOD. 
ttREA    4  .     SCEr^r-^PIO    >»2. 
UHTHOUT    THE    PROJECT. 


TYPE 

SPEC. 

1 

2 

■D 

4 

5 

1   0 

0 

0 

0 

0 

2   0 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

4   62 

1  33 

47 

99 

1  ■'■ "' 

5   0 

0 

0 

0 

0 

c   0 

0 

Ci 

0 

0 

7   0 

0 

0 

0 

0 

3   94 

5'- 

C.5 

12 

16 

-■   50  7 

3  ■-;  '"^ 

4el 

173 

!5Q 

10  357 

1331 

729 

273 

127.6 

1 1  3267 

251  3 

226: 

335 

150  3 

!2  3713 

2o45 

3357 

661 

1 .6  23 

13  439 

393 

34? 

oo 

147 

14  30 

30 

91 

1  17 

16 

15  0 

0 

0 

0 

0 

Ic  0 

0 

0 

0 

0 

1711   43= 


ACCRUED  ANNUALIZED  HABIThT  UNITS 
AT  T!^E  St-ID  OF  THE  P^^njECT  PERIOD. 
AREA  ii-  S:Er-|MPIO  S2. 
WITHOUT  THE  PROJECT.   ■' CONT  INUEDj 


TYPE 


SPEC. 


10 


TOT. 


1 

0 

0 

0 

0 

0 

0 

2 

0 

ij 

0 

0 

0 

0 

5 

0 

n 

0 

0 

0 

0 

4 

-  -J   1 

104 

21 

1  "1 

73 

9^0 

■5 

0 

0 

0 

u 

0 

0 

,;. 

0 

n 

0 

0 

0 

0 

7 

n 

1": 

0 

l- 

0 

Ij 

s 

I'- 

T  i 

51 

-o 

3  3 

52  S 

;• 

■po 

50  ~ 

224 

36-- 

4cl 

S  2  6  5 

1  0 

Q .-  6 

1057 

1  32 

"!■  Z'  "> 

1  IS 

J 

3 1  43 

1  1 

■5  23 

1  592 

20  94 

21~3 

230 

6 

1  ■-■  1  3 

12 

■ilO 

1  6:"=' 

1  730 

.  1331 

S30 

6 

211c. 

1  J 

~\-t 

314 

!31 

2  9  3 

433 

270  3 

14 

4 

20 

0 

33 

339 

;  5 

0 

0 

0 

0 

0 

0 

l6 

ri 

0 

0 

0 

0 

0 

T 

2597 

5323 

4433 

50  51 

337 

9 

5o30 

"^'ATE  of  habitat  CCiN'-.'ERSION  IN 
^^REA  ^.  SCE'.-riPIO  S2. 
WITH  THE  PROJECT. 


FRCM  AGRICULTURAL  LmND  TO: 

T'.'PE  PRO  BEG  END 


DECIDUOUS  FOREST  0 

E'.'EPGREEN  FOREST  0 

NIXED  FOREST  0 

WHITE  CEDAR  SWA^-1P  0 

t-IIXiED  SWAMP  0 

DISTURBED  LhND  0 

HIGH  POCOSIN  0 

LOW  POCOSIN  0 

BAY  FOREST  0 

I'.IATER  AtlD  MhRSH  0 

aCTIUE  PEAT  NINE  13 

IMACTIUE  PEaT  MINE  0 

resk'ential  de'.'elopnent  0 

roads  and  p i ghts-of-way  0 

C'Thep  de'.'Eloped  areas  0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

IJ 

1 

2, 

0 

0 

0 

0 

0 

0 
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PATH  OF  H,-,eiTAT  CCMVERSIOM  IN 

WITH  THE  PROJECT. 

FROM  WHITE  CEDhR  SWhMP  TO: 

TYPE  PRO  BEG  EMD  R 


PATE  OF  ^hb:~-iT  ccti'  ersign  in 

AREA  4.  :CEMARIO  42, 
WITH  THE  PROJECT, 


MIXED  SWAMP  0 

DISTURBED  LAND  0 

HIGH  P0C03IN  0 

LOW  POCOSIN  0 

BAf-  FOREST  0 

UATER  AND  MARSH  0 

ACTIVE  PEAT  MINE  6. 

INACTIVE  PEAT  MIME  0 

RESIDENTIAL  DEVELOPMENT  0 

ROADS  AND  RI GHTS-OF-IOAY  0 

OTHER  DEVELOPED  AREAS  0 

r-iGP  I  CULTURAL  LAND  0 

DECIDUOUS  FOREST  0 

EVERGREEN  FOREST  0 

MIXED  FOREST  0 


0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

u 

0 

0 

0 


FROM    MI /ED    SWAMP       TO: 

TYPE 

DISTURBED  LhMD 
HIGH  POCOSIM 
LOU  POCGSIl-l 
BhY    FOREST 
WATER  »-iND  MAPSH 
ACTIi'E  PE«-  t-IINE 
INACTIVE  PEAT  MINE 
RESIDENTIAL  DEVELOPMENT 
ROADS  f-iND  PlGHTS-uF-Wrtf 
OTHER  DBJELOPED  nPE«S 
AGPICULTUFe.,L  LAND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
i-mHITE  CEDAP  SUmMP 


PRO    BEG    END    R 


0 

1 

0 

0 

0 

0 

0 

j 

0 

0 

0 

G 

0 

0 

0 

132 

1 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

j 

0 

0 

0 

0 

Li 

0 

0 

0 

0 

0 

0 

0 

RATE    OF    '-JABI'^T    CONVERSION    IN 
AREA    4,     ;CEmi-iR!C    =»2, 
(■JITH    THE    rROJECT. 


PrtTE    OF    HAEITr-iT    L  OP  iVEPS!  ON    IN 
AREA    4.     JCEXi-PI  J    =12, 
i.JITH    THE    -'POJECT. 


-ROM  DISTUPSED  LAND 
T'-PE 


PRO    BEG    END    R 


FROM    HIGH    POCOSIM    TO 
T'/PE 


PRO  BEG  END  R 


HIGH  POCOSIN 
LOW  POCOSIN 
BaV  cnPEST 
I'.IATEP  AND  MARSH 
ACTIVE  PEAT  MINE 
INACTIVE  PEaT  MINE 
RESI  DENTIi-iL  DEVELOPMENT 
PGi-iDS  i-iND  RIGHTS-OF-I..IAT 
OTHER  DEVELOPED  ARE^S 
AGRICULTURAL  L^ND 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 


0 

1 

0 

0 

I 

0 

0 

1 

0 

0 

0 

0 

i-5 

1 

2 

0 

0 

0 

0 

u 

0 

IJ 

0 

0 

0 

0 

n 

0 

ij 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

; 

0 

LOW  POCOSIN  j  0 

Sh':  FOREST  ;■  0 

:.'.:wT£R  hI-ID  MARSH  0  0 

r-iCTI'.'E  PEi-tT  MINE  149.51 

INACTIVE  PE«T  VINE  0  0 

-ESIC'ENTIr^L  C'E'.'ELOPMENT  0  0 

POi-iC'S  f-iND  PIGHTS-OF-' ;-,/  0  0 

OTHER  DE>,'ELOPEL'  ^fEr^i  0  0 

agriculturhl  li-.no  0  : 
deciduous  forest 


E'- 


N    FOP  ESI 


Mr.ED    FOREST 
i-JHITE    CEDaR    SW.-MP 

mi:-.:ed  swr^MP 

disturbed  LhND 


13 

'j 

0 

0 

0 

0 

j 
■j 

0 
0 

0 

0 

L) 

D 

0 

0 

362 


RATE  OF  MhB:  ~HiT  CONVERSION  IN 
WITH  THE  PROJECT. 


FROM  LOU  POCOSIN  TO: 


TcFE 


PRO  BEG  END  R 


PhTE  of  ■■JABI'^rtT  CONVERSION  IN 
AREA  4  ,  SCE'iAPIO  Hi, 
WITH  THE  PROJECT. 


FROM  BAY  FOREST  TO: 


TYPE 


PRO  BEG  END  R 


bay   forest 
i.iater  «nd  marsh 
acti'.'e  peat  mine 

INmCTI'JE    peat    t-IINE 
RESIDENTImL    DE'v'ELOPMEMT    0 

pohds  ^uv   rights-of-way  U 
other  de'.'eloped  areas 
agriculturhl  land 
deciduous  forest 
e','ergreen  forest 

Ml /ED  FOREST 
WHITE  CEDhR  SW„MP 
MI /-ED  SI'JhMP 
DISTURBED  L,-,ND 
HIGH  POCOSIt-J 


0 

0 

0 

0 

1 

0 

1  S2 

1 

2 

0 

Q 

0 

0 

Ci 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

CI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CI 

0 

ij 

WATER  AND  MARSH 

0 

0 

0 

ACTIWE  PEAT  MUiE 

45 

51 

20 

INACTI'.'E  PEAT  MINE 

ij 

0 

0 

RESIDEt-JTIAL  DE' 'ELC 

PMENT 

0 

0 

0 

ROADS  AND  PIGHTS-C 

F-WAV 

0 

0 

0 

OTHER  DE'.'ELOPED  AREAS 

0 

n 

0 

AGRICULTURAL  LAND 

0 

0 

0 

DECIDUOUS  FOREST 

0 

0 

Ij 

EVERGREEN  FOREST 

0 

0 

0 

MIXED  FOREST 

0 

0 

0 

WHITE  CEDAR  SWAMP 

0 

n 

0 

MIXED  SWAMP 

0 

0 

0 

DISTURBED  LAND 

0 

1 

0 

HIGH  POCOSIN 

0 

0 

0 

LOW  POCOSIN 

0 

0 

0 

RATE  OF  H'^EIThT  CON'.'ERSI  ON  IN 
AREA  -.  €CEMARIO  r2, 
WITH  THE  PROJECT. 


RATE  OF  HhF:;T^T  i 
AREA  4.  SCENARIO 
WITH  THE  ^'ROJECT, 


,'ERSION    IN 


FROM    i-IhTER    At-iD    MARSH    TO: 


:  PE 


PRO  BEG  END  P 


FROM  ACTI'.'E  REwT  MINE  TO; 

T-;PE  PRO  BEG  END  R 


ACTI'.'E  PEAT  MINE 

IHACTI'JE  PEAT  MINE 

FESI  DENTIAL  DE'.'ELOPMENT 

P'Df^C'S  hND  RIGHTS-OF-WAY 

OTHER  DE'-.'ELOPED  aREmS 

HibR  I  CULTURhL    LAl-JD 

DECIDUOUS    FOREST 

E'.'ERGREEN    FOREST 

MIXED  FOREST 

I'lHlTE    CEDAR    SWAMP 

MI. -ED    SI-.lAMP 

DISTURBED  LAND 

HIGH  POCOSIN 

LOW  POCOSIN 

B«f'  FOREST 


20 


0 

0 

0 

0 

0 

0 

0 

0 

INrtCTI'^E  PEhT  NINE  i.50  2  ZC 

RESIDENTIAL  DE'.'ELOPMENT  0  0  0 

ROADS  AND  RI  GHTS-OF-1'.iAY  0  0  0 

OTHER  DEVELOPED  r^REnS  0  0  0 

AGRICULTURAL  LhND  0  0  0 

DECIDUOUS  FOREST  0  0  0 

EVERGREEr-l  FOREST  U  0  0 

Mi!-<ED  FOF-EST  0  0  0 

WHITE  CEDAR  SWAMP  0  0  0 

MIXED  SUIrtMP  0  0  0 

DISTURBED  LAND  0  0  U 

HIGH  POCOSIN  0  0  0 

LOW  POCOSIN  0  0  0 

BAY  FOREST  0  0  0 

i.JATER  «ND  MARSH  0  0  0 
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RATE  Or  HABITAT  Cr'NUERSI  ON  IN 
hREA  4,  iCE'-i^RIO  32, 
WITH  THE  PROJECT. 

from'  IMACTIVE  peat  mine  TO: 

Tr'PE  PRO  BEG  END  R 

RESIDENTIAL  DE'-'ELOFMEMT  13   5  20   T 

3Y  lEAR 

5=0      10  =  106   15  =  331  20  =  2354 

ROf-iDS    AND    RISHT3-0F-IJAY    0          0  9 

OTHER    DEVELOPED    AREAS          0          0  0 

hGR I  CULTURAL    LAND                     1.7    5  20       T 

BY    YEAR 

'5    =    0               10    =    53          15    =    o9  20    =    214 

DECIDUOUS    FOREST                        0          0  0 

E>.'ERGREEN    FOREST                        15       5  20       T 

Br    /EAR 

5=0               10    =    2:4       15    =    430  20    =    1926 

MIXED    FOPEBT                                  0         b  0 

^■JHITE    CEDAR    SUIAMP                     1          5  20       T 

3"y     f'EAr 

5=0                10=3             15=4.9  20=22 

MIXED  SWAMP               4.3  5  20   T 

e-'f'  ,EAR 


5=0 


10 


35 


15  =  13S.420  =  .i20 


DISTURBED  LAND  0    0    0 

HIGH  POCOSIN  3.'^  5    20   T 

BY  ('EAR 

5=0      10  =  69.3  15  =  113.720  =  509 

LOU  POCOSIN  4.3  5    20   T 

3Y  -.'EAR 

5  =  0      10  =  35    15  =  133.420  =  .520 

EmY'  FOREST  1.2  5    20  ~ 

H-v  YEAR 

5=0      10  =  21  .2  15  =  34.. i  20  =  155 

I..UTEF  -.ND  MARSH  23   5    20   T 

8't'     <  EAR 

5  =  0      10  =  1954  15  =  2137  20  =  42S0 

fiCT:',.'E  PEAT  MINE         0    1    0 


HAB I  TAT  COND I T I  ONS  ,  3  CE::.-? '.  .J  *»2  . 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
AREA  4  WITH  THE  PROJECT. 


r/PE 

RESIDENTIAL  DE'.'ELOPMENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  3EUEL0PED  AREAS 
AGPICULTURr-iL  LAND 
DECIDUOUS  FOREST 
E'.'ERGREEN  FOREST 
MIXED  FOREST 
l.JHITE  CEDAR  SWAMP 
MIXED  SWaMP 
DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
SAY-  FOREST 
WATER  AND  MARSH 
ACTIUE  PEAT  MINE 
INACTIVE  PEaT  mine 

TOTAL 


ACRES 


2354 
0 

0 


.i20 

1 20 
155 
42S0 

1  630 

13000 
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mCCPUED  Hl-;t-lUHLIZED  "mBIThT  Utn.TS 
rtT  THE  END  OF  THE  PROJECT  C'ERIGD. 
hREA  4.  SCEMr^RIO  (42. 
WITH  THE  PROJECT. 


FYPE 
1 


1   0 


5PEC 
4 


o 

ij 

0 

0 

0 

0 

4 

J  5 

y-v 

33 

71 

140 

5 

0 

0 

0 

0 

u 

6 

185 

217 

111 

14 

199 

7 

n 

Ci 

0 

0 

0 

p 

4u 

25 

2  c" 

5 

7 

■;■ 

144^ 

10  39 

1314 

50  7 

282 

10 

2^'0 

451 

247 

93 

432 

1  1 

i;a.3 

925 

333 

123 

555 

1  2 

1371 

976 

1  239 

244 

60  1 

13 

32? 

263 

235 

23 

99 

14 

40  0 

400 

1217 

1  565 

209 

13 

46 

65 

39 

33 

46 

1.;. 

396 

Pin  9 

■*-71 

36  6 

353 

ACCRUED  hMNUALIZED  HhBITAT  UNIT3 
AT  THE  END  OF  THE  PROJECT  PERIOD. 
AREA  4,  SCEi-IARIG  #2, 
WITH  THE  PROJECT.       (CONTINUED) 

TYPE  SPEC. 


1 


i: 


0 
153 


0 


347; 


9   225 

I  0  327 

II  231 

12  225 

13  47 

14  52 

15  46 

16  792 

T   2473 


14 

0 

0 

74 

0 

254 

0 


u 

0 

15 

0 

444 

f! 


1446   633 

T-  cr  r.  ^L   ~ 


21  1 


70  1 
453! 


122 

0 
0 
183 

2915 


U 
305 

0 

34 

105; 

99 

30  2 

676 

197 

0 

0 

133 

34ie 


10 

9 

0 

0 

52 

0 

245 

0 

1314 
40  1 

10  33 

291 
435 
20 
671 


TOT. 


IJ 

0 

694 

0 

2196. 

0 

227 

9314 

2760 

70  65 

7312 

1821 

4539 


427. 


RATE  C=  HAE!T-,T  cOt  !'■ 'EPSI  ON  IN 
AREA  1  .  3CEr;AP!0  Ft  I  , 
I'.IITHOUT  THE  PROJECT. 


FROM  DIbTUREED 


TYPE 


4ND 


TO: 


PRO  BEG  EriD 


HIGH  !=OCOSIH  3 

LOW  P0C03IN  1 

BAY  FOREST  0 

i.lATEP  AND  MARSH  0 

-.CTIi'E  PEAT  MINE  0 

It-irtCTI'  'E  PEhT  MINE  0 

RESIDENTIAL  DE"ELOPMEt)T  n 

P'OADS  mND  RIGHTS-OF-Wht  0 

OTHER  DE','ELnPED  AREhS  0 

ASR! CULTURAL  LAND  0 

DECIDUOUS  FOREST  0 
E'^ERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 

rnxED  swhmp 


0 

0 

0 

0 

0 

0 

0 

0 

RATE  OF  HAP T -AT  CONUERSION  IN 
A  R  EA  1  ,  S  C  EN  A  R I  0  =i  S  . 
WITHOUT  THE  PROJECT. 

FROM  INACTIVE  PEAT  MUJE  TO: 

TVPE  PRO  BEG 


R  E  S I D  ENT I A  L  D  E" E  L  0  PM  ENT  0 
RQhDS  AND  RIGHTS-OF-WAY  0 

other  deueloped  areas 
agricultural  --.nd 
deciduous  forest 
e','ergreen  forest 
mi;:eC'  fopes~ 

WHITE  CEDAP  Si!^;''!  = 

MIXED  SWAMP 

DISTURBED  LAND 

HIGH  POCGSIN 

LOW  POCOSIN 

BAY  FOREST 

WATER  AND  MARSH 

BY  YEAR 

5=0       10  =  316   1" 

acti'je  peat  mine 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

l-l 

0 

p 

r, 

0 

;■, 

0 

0 

0 

Q 

0 

1-1 

0 

0 

0 

0 

0 

Q 

100 

5 

20 

31 

6 

20  = 

0 

0 

0 
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HhBITmT  CONDITICNS  .SCEHhRIO  WS. 
«T  THE  EMD  OF  THE  PROJECT  PEPIOD. 
-.REm  1  WITHOUT  THE  PROJECT. 


TtPE 

RESIDENTIAL  DB.'ELOPMENT 
ROftDS  AND  RIGHTS-OF-WAY 
CTHEP  DE'.'ELOPED  i-REAS 
AGRICULTURAL  LAND 
DECIDUOUS  FOREST 
E'.'ERGREE^i  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 
HIGH  POCOSIM 
LOW  P0C03IN 
EAr  FOREST 

whTEr  and  marsh 

H,CTI'-,'E  PEaT  mime 

inhctive  peat  mine 

TOTAL 


hCRES 

0 
0 

2343 

0 
0 
0 
0 

100 
2133 
10  100 

0 
o32 


15S13 


ACCRUED  AflNUf-LIZED  HhBIThT  UNITB 
AT  THE  EMD  OF  THE  PROJECT  PERIOD 
AREA  1  .i-CEllMPIO  4--  . 
WITHOUT  THE  PROJECT. 


Ti'PE 

z 

PEC. 

1 

- 

5 

4 

er 

1   0 

0 

0 

0 

0 

2   u 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

4   .i34 

;  e 

0  ■'■ 

513 

10  32 

2126 

5   0 

0 

0 

0 

0 

o   j 

0 

0 

0 

0 

-  0 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

9   0 

0 

0 

0 

0 

10  80S 

i: 

5i 

oSS 

253 

1  20  4 

1 1  1 44- 

1 1 

13 

1  0  0  1 

14g 

.=.j3 

1  2  t- 1  ■'  7 

4557 

5734 

1  1  3'? 

230  4 

13  0 

0 

0 

0 

0 

14  120 

120 

365 

at-' 

•t  ':'. 

1  ■:  0 

0 

0 

0 

0 

lo  14 

31 

24 

1  3 

31 

OJ-Q 


31  If 


■I?  0  3 


riCCPUED  ANNUALIZED  HABITAT  UNITS 
hT  the  end  of  THE  PROJECT  PEPIOD. 
-,FEA  1  .SCENARIO  ^i. 
MITHOUT  the  PROJECT.   (CONTINUED;' 


SPEC, 


10 


PATE  OF  "^iE■!-AT  OOMVERS:  ON  !M 
riREA  1  .SCENARIO  ^2, 
WITH  -HE  pi^OJECT. 


rPCM  AGP!CUL-URi-iL  LAND  TO: 


T'fPE 


PRO  5EG  END  P 


I 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

; 

0 

D 

0 

0 

0 

0 

4 

2421 

1139 

22 

3 

1  14 

797 

10o2 

5 

0 

0 

0 

0 

0 

0 

.;. 

0 

0 

0 

0 

0 

n 

"7 

0 

0 

0 

0 

0 

0 

s 

0 

0 

0 

0 

0 

0 

'5 

Q 

0 

0 

0 

0 

0 

10 

P12 

90;3 

17 

o 

27 

5 

Ills 

7c.33 

11 

273 

-0  5 

92 

/- 

'^■z 

4 

1243 

5494 

^  2 

1052 

2392 

29 

SO 

31 

55 

5o96 

3645 

IS 

f; 

0 

0 

0 

0 

0 

14 

16 

73 

0 

0 

130 

is.^i 

15 

0 

0 

0 

0 

0 

0 

1  a 

2? 

25 

7 

,■■ 

24 

20  c 

DECIDUOUS  FOREST 
E'.'ERGREEN  FOREST 
MIXED  FOREST 
WHI-E  CEDaP  3Ulr-MR 
MIXED  SWAMP 
DISTUPEEC'  Li^ND 

high  pocosin 
low  focosin 
bay  forest 
'aIhTER  !-iND  marsh 

f-tCTIivE  OEAT  MINE 
IMACTIUE  PEAT  MIME 
RESIDENTIAL  DE'.'ELOPMEMT  0 
ROADS  r-ND  RISHTS-OF-i.IA 
OTHER  DEUELOPED  aREaS 


0 

0 

ij 

'J 

0 

j 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
I'l 

102 

1 

1 

J 

0 

n 

'j 
0 

0 
0 

.-■ 

0 

470 : 


5337   4313   4515   9009 


64825 


366 


PATE  OF  HAE".T,-iT  C  ■'MUERS I  ON  IN 
AREh  1  .'rCEflHRIO  .*;:, 
WITH  THE  PROJECT. 


RATE  OF  HHeiT,-,T  C  Jll'-.-'ErS  I  ON  IN 
AREh  I  .SCENrtPIO  it3 . 
WITH  THE  PROJECT. 


FROM  DISTURBED  LAND 


TO: 


FROM  HIGH  POCOSIN  TO: 


TYPE 


PRO  BEO  END  R 


T,PE 


PRO  BEG  END  R 


HIGH  POCOSIt-l 

LOU  POCOSIN 

BA-f-  FOREST 

WATER  AND  MARSH 

ACTIVE  PEAT  MINE 

INACTIVE  PEAT  MINE 

PE3I DENTIAL  DE^ELuPMENT 

ROADS  AND  RIGHTS-OF-WAY  0 

OTHER  DEVELOPED  APEhS 

A  b  R I  C  LI  L  T  U  R  A  L  LAN  D 

DECIDUOUS  FOREST 

E'.'EP GREEN  FOREST 

mixed  forest 
white  cedar  swamp 
miaed  swamp 


n 

1 

0 

0 

1 

0 

0 

0 

u 

0 

0 

0 

313 

1 

ID 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

rj 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

LOW  POCOSIN 
BAi  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
ItJACTIV'E  PEAT  MINE 
RES  I  DENT  I AL  DE'.'ELOPMENT 
ROADS  AND  RIGHTS-OF-WAY 
OTHER  DEVELOPED  hREAS 
AGRICULTURAL  LAND 
DECIDUOUS  F OP EST 
EVERGREEN  FOREST 
MIXED  FOREST 
WHITE  CEDAR  SWAMP 
MIXED  SWAMP 
DISTURBED  LAND 


d 

0 

0 

0 

0 

u 

0 

0 

0 

23 

1 

10 

0 

rj 

0 

D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RATE  OF  HABITAT  CONVERSION  IN 
mREm  1  ,SCE!Jt-R!0  43. 
WITH  THE  PROJECT. 


PATE  OF  r'HBITAT 
AREA  1  .  MENmRIO 
lj.l!"^H  THE  F^OJECI 


;oNVERSiori  in 


FROt-l  LOW  POCOSIN  TO: 


BAY  FOREST 
WATER  AND  MARSH 
ACTIVE  ■^EAT  MINE 
INhCTI','E  PEhT  MIME 
RESIDENTIAL  DEVELOPMENT  0 
ROADS  AN  D  P  I  G  HT  S  -  0  F  -UIA  Y  ,  0 
OTHER  DEVELOPED  AREAS 
AGRICULTURAL  LAUD 
DECIDUOUS  FOPEST 
E','EPGREEN  FOREST 
M!  ED  FOREST 
WHITE  CEDhP  SWAMP 
MIXED  SWAMP 
DISTURBED  LhND 
HIGH  POCOSIN 


PRO 

BEG 

EI- 

ID    R 

0 

0 

0 

0 

j 

0 

103 

0 

1 

0 

IL 
0 

F 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

'J 

0 

J 

0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

FROM  WATER  AND  MARSH  TQ: 

T,=E  f=-PO  BEG  END  R 


ACTIVE  PEmT  mime 

INACTI'.'E  PEaT  mine 

RE3I  DEHTImL  C'E'.'ELOPMENT 

R Or-, D S  AN D  RIGHT S - 0 F -l-l A  f 

OTHER  DEVELOPED  rtREAS 

AGRICULTURAL  LAND 

DECIDUOUS  FOREST 

EVERGREEN  FOREST 

MIXED  FOREST 

WHITE  CEDAR  SWAflP 

MI  ED  SUmMP 

DISTURBED  LAND 

HIGH  POCOSIN 

LOW  POCOSIN 

BAt  FOREST 


1 1 

1 

iO 

n 

f; 

0 

0 

j 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

f) 

0 

0 

0 

0 

0 

0 

36  7 


RATE  OP  HhB IT,-,?  COM^vERSION  IN 
hREA  1  .  5CSir,PI0  i»3. 
WITH  THE  PROJECT. 

FROM  ACTIVE  PEAT  MINE  TO: 

rr'PE  PRO  BEG  E>JD  R 


IMACTIUE    PEAT    MINE 

RE3IDE^■ITIAL    OcVELOPMEMT    0 

nO^OS    AND    RIi3HT3-0F-UlHr 

OTHER    DE'.'ELOPED   r^REAS 

AGRICULTURAL    LAND 

DECIDUOUS   FOREST 

EJEPGREEN   FOREST 

Mi:.(ED    FOREST 

WHITE  CEDAR  SWAMP 

MIXED  SUAMP 

DISTURBED    Lr^tlD 

HIGH    POCOSIN 

LOW    POCOSIN 

Brtr     FOREST 

LOrtTEP   AND    MARSH 


5oa 

2 

1 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

u 

u 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

0 

Ij 

PATE  OF  h.-,b:tat  cC'Iversion  in 

AREA  1  .SCENARIO  *♦? , 
WITH  THE  PROJECT. 

FROM  INACTU/fE  PEAT  MINE  TO: 

TYPE  PRO  BEG  END  R 

RESIDENTIAL  DE'x'ELOPMQMT  0    0    0 

ROADS  r-ND  =:IGnTS-OF-iJAV  0    0    0 

OTHER  DE'.'ELOPED  aREmS    0    0    0 

HGRICULTURrtu  ^r^ND        3    5    30   T 

BY  YEAR 

5=0      10  =  162   15  =  0     20  =  0 

DECIDUOUS  FOREST         0    J    0 

EVERGREEN  FOREST         4 

BY  YEAR 

5=0      10  =  202   15=0 

MH'ED  FOREST 

WHITE  CEDAR  SWAMP        0 

Mr,;ED  SWAMP  0 

DISTURBED  LAND  0 

HIGH  POCOSIN  2 

er  /EAR 

5  =  0      10  =  35    1 5  =  0 

LOU  POCOSIN  4 

5=0      10=16?  15=0     20  =  0 
BAr  FOREST  0    0    0 

WATER  h-,ND  MARSH  100  3    20   T 

BY  YEAR 

5  =  0      10  =  1454  15  =  5:3So  20  =  53S 
ACTIVE  PEAT  MINE         11   1    10   r 


2U 


n  ij 

0  0 

0  0 

0  0 

5  20       T 

20    =    0 

5  20       T 


HhBITAT    CONDITIONS  .SCB-inPIO    4S . 
hT    THE    END    OF    THE    t.ROJ£CT    ^^'ERICC 
r-,REH    1    WITH    THE    PROJECT. 


TYPE 

RES  I  DENT  I  «L  DE'.'ELORMENT 
POhDS  AND  RIGHTS-OF-WAY 
OTHER  DE'.'ELOPED  AFEmS 
r^GF  I  CULTURAL  LhND 
DECIDUOUS  FOREST 
5','ERGREEN  FOREST 
Mi;:  EC'  FOREST 

white  cedar  swamp 
mixed  swamp 
disturbed  land 
high  pocosin 
l'ow  pocosin 
Bay  forest 

WATER  hND  marsh 

acti'v'E  peat  mine 

INACTI'y'E    PEaT    mine 
TOTAL 


ACRES 

0 

0 

0 

1323 

0 

u 

0 

0 

0 

5570 

403 

1925 

0 

.i0  92 

0 


iSls 


ACCRUED    ANNUALIZED    H.r-3IT.^T    UNITS 
AT    THE    END     Or    ~'-'E    -■RCJECT    ^EFIOD 
rtPEA    1  ,  ;lE!  ii-F  I  ;■    =  ■ , 
WITH    ~^.£    ='='OJECT. 


r.-'PE 
1 


or  EC. 

4  5 


■3 

0 

0 

0 

0 

0 

4 

5  0  4 

1112 

"-■7."; 

""*■" 

1  573 

"5 

0 

0 

0 

0 

0 

r- 

20 

24 

1  2 

2 

22 

7 

0 

0 

0 

0 

0 

s 

0 

0 

0 

0 

0 

? 

0 

0 

0 

0 

0 

10 

2949 

4580 

2510 

941 

4392 

1  ^ 

362 

27S 

250 

zy 

137 

1  2 

1  .5  1  3 

1  149 

1455- 

237 

-0  7 

1  3 

0 

G 

0 

0 

0 

\  u 

■s7S 

i7S 

20  34 

2:.54 

354 

'.   s 

20 

23 

1  7 

14 

20 

I  .= 

I  ■=•4 

417 

T'  T-  C' 

179 

41  7 

T 

o339 

32s7 

~0  1  ~ 

4911 

7.552 

368 


mCCPUED  ^MIJUr^LIZEC  HABITAT  UNITS 
AT  THE  -'-in  -ic  T'^p  PROJECT  PERIOD. 
hREA  1  .SCEtlARIu  t*;, 
W I T  H  THE  PROJECT.       (  C  Ot  IT  I  N  U  E  D  J 

TrPE  SPEC. 


TOT  . 


■i 

3 

9 

10 

1 

ij 

0 

0 

0 

0 

0 

2 

0 

u 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

4 

1  783 

33? 

1  .;.S 

34 

537 

782  s. 

5 

0 

0 

0 

0 

0 

0 

6 

24 

-  o 

43 

33 

-■■7 

240 

"/ 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

u 

9 

n 

0 

0 

0 

0 

0 

10 

3325 

5o3'= 

627 

1UU4 

40  73 

280  46 

1  1 

70 

17.;. 

232 

241 

311 

2123 

1  2 

2o5 

729 

751 

7'6 

143.5 

»r='3 

13 

0 

0 

0 

n 

0 

0 

14 

33 

442 

0 

0 

/  c!  / 

7  :.■=■.£. 

;  5 

20 

14 

0 

0 

9 

142 

1  -- 

3  '3  7 

343 

b'7 

:3'? 

328 

2770 

J 

^'-■t;3 

•5210 

1  9  1  i, 

2247 

7513 

580  35 

RhTE  of  HfnBITrtT  CDtJ'^ERSIOM  IM 
AREA  2  .SCEMaRIG  »3 , 
WITHOUT  THE  FROJECl . 


FROM  EVERGREEN  FOREST  TO: 

TYPE 

MIXED  FOREST 

WHITE  CEDAR  SWAMP 

MIXED  SWAMP 

DISTURBED  LAND 

HIGH  POCOSIN 

LOW  POCOSIN 

BA'Y  FOREST 

WATER  AND  MARSH 

ACTI'JE  PEAT  MINE 

INACTIVE  PEaT  MINE 

PES  I  DENT  I AL  DEVELOPMENT 

R  UA  D  S  AN  D  R I G  HT  S - 0  F -WAY 

OTHER  DEVELOPED  AREAS 

AGRICULTURAL  LAND 

DECIDUOUS  FOREST 


PRO  BEG  END  R 


0 

0 

0 

0 

0 

0 

0 

0 

0 

3.: 

5  1 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RATE  OF  HABITAT  CON'-'ERSION  IN 
AREA  2  .  iCEriARIO  i3, 
i'.lITHOUT  THE  PROJECT. 


RATE  OF  HABITAT  CONVERSION  IN 
AREA  2  ,SCEMr-.R!0  #3 . 
WITHOUT  THE  PPOJECT . 


FROM  MIXED  SWAMP   TO: 


■■(■RE 


PRO  BEG  END  R 


DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BAY  FOREST 
'•lATEP  AND  MARSH 
ACTIVE  PEAT  MINE 
INAC"^I','E  PEAT  MINE 
RESIDENTIAL  DEk-'ELOPMEHT  f 
ROADS  AND  F I GHTS-OF-WAY 
OTHER  DE','ELOPED  hREmS 
hGR I  CULTURAL  LAND 
DECIDUOUS  FOREST 
E'.'EPGREEN  FOREST 
MIXED  FOREST 
'-■IHITE  CEDAR  SWAMP 


1 . 

251 

8 

0 

0 
0 

u 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

FROM  DISTURBED  LAND 

r,  PE 

HIGH  POCOSIN 
LOW  POCOSIt-l 
BA'f'  FOREST 
WATER  AND  MARSH 
ACTIVE  PEAT  MINE 
IMhCTHJE  FEAT  MIME 
RESI DENTIAL  DEVELOPMENT 
ROADS  AND  RI GHTS-CF-WAV 
OTHER  DE'.'ELOPED  AREAS 
«  G  P I C  U  LT  U  P A  L  LAN  D 
DECIDUOUS  FOREST 
EVERGREEN  FOREST 
MI;<ED  FORES^ 
i/.IHITE  CEC'AP  SWAMP 
MI:^ED  SWAMP 


TO: 

-a,j 

BEG 

E'-ID 

P 

r.-r 

1 

20 

E 

5 . 9 

1 

20 

r 

0 

0 

0 

0 

0 

Ij 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

5  .  9 

1 

20 

E 

0 

0 

0 

0 

0 

0 

20 
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HABITAT    CONDITIOMS  .  £Cai"PIC'    43. 
rtT    THE    EMD    OF    THE    PPOJEC    PERIOD 
AkEh    2   iJITHOUT   THE    PROJECT. 


Tf-PE 

RESIDENTIAL  DE','ELOPMEMT 
POADS  AND  RIGHT3-0F-I.IAY 
OTHER  De-'ELOPED  hREAS 
<-i3P  I  CULTURAL  LAI^ID 
DECIDUOUS  FOREST 
e.'EPGREEM  FOPEST 
•■-!i:  ED  FOPEST 
WHITE  CEDAR  SWAMP 
I1i:.ED  SUrtMP 
DISTURBED  LAND 
HIGH  POCGSIM 
LOW  POCOSIN 
BAr  FOREST 

water  and  marsh 
active  peat  mine 
inmCtive  peat  mine 

TOTf-,L 


ACRES 

0 

0 

0 

1071 

0 

1  147 

0 

0 


2555 

197= 

0 

0 

0 

0 


»-.CCPUED    Ar-)NUAL:2ED    '-'wSIT-.T    LMITS 
riT    THE    El  jr.-     -.=    ^■-'=    -orjj£CJ    PERIOD. 
r..REA    2  .SCEMARIC    4  3, 
UlITHuUT    THE    PROJECT. 


ri-PE 

SPEC. 

1 

2 

3 

4 

5 

1   0 

0 

0 

0 

0 

2   0 

0 

0 

0 

0 

3   0 

0  ■ 

0 

0 

0 

4   257 

^'C'3 

193 

407 

30  3 

5   '"1 

Ij 

0 

0 

0 

o   50=- 

59  S 

305 

v'l' 

•->■*  - 

7   0 

0 

0 

j 

.- 

3   ij 

0 

0 

0 

0 

9      35 

.:i4 

77 

30 

•_  7 

10  355 

552 

30  2 

1  13 

529 

11  1737 

133.3 

120  3 

17S 

30  2 

12  1245 

3  37 

1  125 

222 

54o 

13  0 

0 

0 

n 

0 

14  0 

0 

0 

0 

0 

15  0 

0 

0 

,-1 

'j 

li  0 

G 

0 

0 

0 

4133   40  0  4   320- 


'33 


ACCRUED  H!-:MiJAUi:ED  Hi-3IThT  UNITS 
mT  the  E!lD  Or  THE  PROJECT  PERIOD. 
AREA  2  .  3CE- if-P:  :  a3. 
WITHOUT  T'-E  =POJECT.   <C!>IT1NUED) 


-'^Sl 


I  ■(>■=. 


1 


0 
0 
0 
910 

ij 

31  1 
0 
0 

13 
40  1 
334 
20  5 


1  Z  0 

14  0 

15  0 
lo  0 


1) 

0 

0 

423 

0 

700 

0 


2474 


ij 
0 
0 

30.il 


SPEC. 


0 

0 

0 

So 

0 

1222 

0 

;1 


111-1 

530 
0 

0 
0 

311-1 


0 

0 

43 

0 

340 

0 


1  153 

il4 

Ci 

0 

0 

0 

2837 


1  0 

0 

0 

0 

30  0 

0 

374 

0 


491 
14'='2 
110  3 
0 
0 

0 

^1143 


roT. 


0 
0 
0 
3^95 

.t.u45 

0 

0 

547 

"■  3  T  '^ 

10  200 

7^94 


31259 


AREA  2  . 

i..-iI-H  -.-.■ 


OMi.-'EF 
43  . 


iIGN  IN 


-   -'r-.iJ.jCw  I  . 

C^M  HGR!OUL~L:Rf^L  LAND  T,:i. 


r.'FE 

deciduous  fore" 
evergreen  forest 
mi:;ed  =  or  est 

WHITE  CEDaR  SWmMF  0 

MI'  ED  SWAf-'='  0 
D I  STUPE  EC'  LAr-;D 

HIGH  ROCOSI!-;  0 

LOW  POCOSIt-l  0 

BAr'  FOREST  0 

WATER  r^ND  MARSH  0 

.^CTI'  'E  PEAT  MINE  4 

!NrtC~I'  'E  PEAT  '1IME  0 

RESIDENTIAL  DEVELOPMENT  0 

ROADS  r-ND  RIGHTS-OF-WA'f'  0 

OTHER  DEVELOPED  r,REAS  0 


"PC 


,-l 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

.-. 

0 

j 

0 

0 

0 

370 


PaTE    Or     '■^-(BITtJT 

mREm  1  .    ?CEt-iHP; 

WITH    T'riE    PPuJtL 


:Citi'/ERSION    IN 
tt3, 


FROM    E'JERGPEEll    FOREST    TC 

r.PE 

MK-'ED  FOREST 
WHITE  CEDhR  swamp 

ni;:ED  simhMP 

DISTURBED    L^HD 
HIGH    POCDSiri 
LGl>)    POCOSIN 
Brt".'    FOREST 
WATER    hND    r'ARSH 
HOTI'-.-iE    PEhT   MII-IE 
!NhCTI>'E    PEAT    M It-IE 
RESIDENTIAL    DE'.'ELORMENT 
P  UA  D  S    r-iN  D    RIGHT  S  -OF  -i  Jrt Y 
OTHER    OE' .'ELOPED    mREmS 
r,GPICULTURrtL    Li-if-ID 
DECIDUOUS    FOREST 


PRO  SEG  END  R 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

39 

1 

10 

■J 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

PATE  OF  Hi-ST^^T    CONVERSION  IN 
AREA  2 .  SCEhwP 10  Sj, 
WITH  THE  PROJECT. 


FROM  MIXED  SWAMP 


TfPE 


ro: 


PRO  BEG  END 


DISTURBED  LAND 
HIGH  POCOSIN 
LOW  POCOSIN 
BA"r'  FOREST 
WhTER  AND  MARSH 
ACTIUE  PEAT  MINE 
INACTIVE  PEAT  MINE 
RE5I DENTI AL  DEVELOPMENT 
ROaDS  and  RIGHTS-OF-WAY 
OTHER  DEVELOPED  hREAS 
AGR I  CULTURAL  LAND 
D'ECIDUUUS  FOREST 
E','ERGREEN  FOREST 
MIXED  FOREST 
'JH!"!"E  CEC'mR  SWAMP 


0 

1 

0 

u 

0 

0 

0 

0 

0 

Ci 

u 

0 

0 

0 

LI 

3 

1 

10 

0 

0 

0 

0 

0 

Ci 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

0 

CI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RATE 

OF 

-'hSIT-.T 

:.jN'- 

'ERSI 

ON   ir-j 

AREA 

2  1 

:.CE:!APIO 

=*?. 

WITH 

-^hE 

PROJECT 

RATE  OF  ^mB:T«T 
AREA  2  .  ;C=;ir-,R!r 
WITH  THE  CROJECI 


ON'-. 'ERSI  ON    IN 


FROM    DISTURBED    LmND 

TYPE 

HIGH    POCOSIN 

LOW    POCOSIN 

BAv     FOREST 

•■JATEP    mND    :-'ARSH 

aCTI'  'E    feat    MINE 

IHACTI'  'E    PEAT    t-liriE 

='ES  I  DEr-J~ I hL    DE'.'ELOPMENT 

P 0^ D S    AM D    PI G HT S - 0 F -Wh f 

OTHER    C'EVELOPED    AREmS 

-AGRICULTURAL    LrfiC' 

DECIDUOUS  FOFEST 

E"ERGREEN  FOREST 

MI  .ED  FOREST 

WHITE  CEDAR  SWAMP 

MI/ED  SWAMP 


TO: 


DCQ   B£Q   Q.ID   R 


0 

1 

1 

n 

ij 

i 

0 

0 

u 

0 

Ij 

123 

1 

10 

0 

0 

0 

0 

n 

0 

0 

n 

0 

'J 

0 

0 

0 

0 

0 

0 

0 

Cf 

1 

0 

Ij 

0 

0 

o 

0 

fl 

0 

1 

0 

FROM    HIGH    t^GCOSIN    TO: 

TYPE 

LOW    POCOSIN 
BA-f    FOREST 
W^iTER    mND    MARSH 
r-CTI"E    PEhT    M It-IE 
INACTIVE    FEaT    MINE 
RESIDENTIAL    DE','ELORMEin 
ROADS    AND    PI  GHTS-OF-Uri  v 
OTHER    DE'-'ELCPED    mPEaS 
r-,GR  I  C  ULTUPt-iL    LhND 
DECU'UOUS     FOREST 
E'  'EPGREEN    i^OREST 
t-n:   ED    FOREST 

white  cedar  swamp 
mi;;ed  swamp 
disturbed  land 


JEG  END 


0 

0 

0 

0 

0 

0 

0 

0 

0 

51 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

371 


PATE    OF    Ha5ITJiT    C0NUER3I0^^    IM 
AREA    a.     JCHfiAPIO    (»3 , 
WITH   THE    PROJECT. 


FROM    LOU    P0C03IN   TO: 

Tt'PE 

BAY    FOREST 
l-ATER    AMD    r-lrtRSH 
ACTIVE    PEAT    MINE 
IMACTIUE    PEAT    MINE 
RESIDENTIAL    DB'ELOPMEMT    0 
PCriDS    AND    RIGHTS-OF-WhY- 0 
OTHER    DEVELOPED    aREaS 
AGRICULTURAL    LAND 
DECIDUOUS    FOREST 
Ei.'ERGREEN    =0RE3T 
MI- ED    FOREST 
I'iHITE    CEDAR    SWAMP 

mi:':ed  swamp 

DISTURBED    Lr,ND 
HIGH    POCOSIN 


PRO  BEG  EHD  R 


0 

0 

0 

0 

0 

0 

s-' 

1 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PATE  OF  HA5I~AT  CCNUESSICN  IN 
AREA  2 .  3CEMAPI0  tS, 
WITH  THE  PROJECT. 


FROM  aCTI'.'E  peat  MINE  TO: 


Tf  PE 

n!«CTI'.'E  PEAT  MINE 

■^ES!  DEMTIr^L  DE'.'ELOPMENT 

RO,-DS  i-^lD  RIGHTS-OF-UmY 

OTHER  DE'JELOPED  AREAS 

"GP I  CULTURAL  LAND 

DECIDUOUS  FOREST 

E"ERGREEN  FOREST 

MIXED  FOREST 

WHITE  CEDAR  SWAMP 

t-IIXED  SWAtIP 

DISTURSED  LAND 

HIGH  POCOSIN 

LOW  POCOSIN 

E'AY  FOREST 

I.JATER    i^riD    MARSH 


PRO  SEG  END  R 


11 


0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

;j 

0 

0 

0 

0 

0 

0 

•j 

0 

0 

0 

0 

0 

0 

0 

0 

j 

0 

0 

0 

0 

J 

:> 

0 

0 

RATE  CF  HhB!"^AT  CGN^'ERSION  IN 
AREA  2  .  ;CEYAp:o  =4". 
WITH  "HE  f^POJECT. 


HABITAT  CONDITIONS.  r:S::> 
AT  THE  END  OF  THE  PROJECT 
mREm  2  WITH  THE  PROJECT. 


FROM  INACTIVE  PEAT  MINE  TO: 

r.PE  t^-RO  BEG  END  R 


RESIDENTIAL  DEVELOPMENT  0 

ROADS  AND  RIGHTS-OF-i/lH(-  0 

OTHER    DEiJELO°ED    AREAS  0 

AGRICULTURAL    LAI'iD  4 

BY    YEAR 

5    =    0  10    =    1 20  0     1=    =    0 

DECIDUOUS  FOREST         0 

EVERGREEN  FOREST         5 

3,'  ■.EmR 

5=0      10  =  150   1?  =  0 

Mi:-,ED  FOREST  l; 

WHITE  CEDr^R  SWAMP 

Ml /-ED  SWAMP 

3Y  lEf^P 

5=0      10  =  5     15 

DISTURBED  LnND 

HIGH  POCOSIN 

BY  VEAR 

5=0      10  =  S2    15 

LOW  POCOSIN 

BY  '.'EAR 

5=0      10  =  .s3    15 

SAY  FOREST 

WATER  AND  MhRSH 

BY  tEAP 

5  =  0      10  =  Q     15 

aCT:''E  P'zj-7    MINE 


U     !J 

0    0 
n   n 


20  =  0 
0   0 
5    20   1 


iO  = 


0 

0 

0 

I 

5 

20 

T 

0 

20  = 

ij 

0 

0 

0 

o 

5 

20 

~ 

0 

20  = 

0 

5 

5 

^0 

1 

0 

20  = 

0 

0 

0 

0 

1  00 

1 

20 

T 

so 

0 

0  0 
1 

0 

SO  0  0 

Type 

"■ESIDENTImL  DE'  'ELOPMEMT 
FOr-,DS  AND  RIGHTS-OF-Wh.- 
OTHER  DEVELOPED  ^^REhS 
r,GP  I  CULTURAL  U-ND 
DECIDUOIJS  FOrErT 
EVERGREEN  FOREST 
>'.i:   ED  FOREST 
WHITE  CEDmR  Sl.ir-^-IP 
mi: 'ED  Sl.lrnMR 
DISTURBED  LAND 
HIGH  POCOSIN 
_0W  =00  OS  It! 

I..IATER  AMD  r'ARSH 
^CTI'-.'E  =EAT  MINE 

::ir,CTivE  peat  mine 

TOTAL 


ACFES 
0 


41 


300  0 

0 

0 

7142 


372 


f-.CC:RUEC'  hNMUmLIZED  H^BIThT  UNITS             hCCPUED  HfJMljMLirED  HABITAT  UMITS 
1-.T  THE  END  OF  THE  PROJECT  PERIOD.             nT  THE  EhiD  OF  THE  PROJECT  PERIOD. 
r-,PEA  -■_-''">'-P'0    «-3,                         aRE«  2.  SCEMAC'-O  **3. 

WITH  THE  PROJECT. 

rrPE  SPEC . 

12               3  4  5 

1  0               0               0  0  0 

2  Ci               0               0  u  0 

3  0               0               0  0  Ci 

4  245    542    134  3S8  Ti? 

5  0      G      0  0  0 

6  26e    312    15?  20  2So 

7  0      0      0  0  0 
S   0      0      0  0  0 

9  38     23     34  1 3  7 

10  ■5'2S    1442   ^■^O  2=-6  13S2 

11  655    504    453  67  30  2 

12  4.:.v    334    424  34  20. i 

1 3  0      0      0  0  u 

14  27;.    276    340  10 SO  144 

15  11     15     ■?  3  1  : 
li  73     168    132  72  liS 

2646   2314   loOS   1526   3373    26378      ~      2'^65   3621   3026   202S  3272 


WITH  THE 

:  PROJECT. 

'  C 

ONTINUED) 

T'fPE 

3FEC. 

TOT. 

o 

3 

o 

10 

1   0 

0 

0 

0 

C 

0 

2   0 

0 

0 

0 

0 

0 

3   0 

0 

0 

0 

0 

0 

4   969 

409 

32 

41 

236 

3313 

5   0 

0 

0 

0 

0 

0 

o   3 1  ■-■ 

3  6  5 

.-33 

43S 

352 

3155 

7   0 

0 

0 

0 

0 

0 

S   0 

0 

f; 

0 

0 

0 

Q    6 

3:  c 

;  - 

27 

34 

243 

10  1047 

1  145 

!=■:' 

316 

1284 

3827 

1  1  1 2o 

319 

420 

436 

562 

3344 

12  77 

212 

213 

231 

418 

2673 

1  3  0 

0 

0 

0 

0 

0 

14  36 

1  90 

ri 

0 

30  0 

3132 

15  11 

S 

0 

0 

5 

.  '  ■_! 

1  :■  1  56 

1  33 

36 

36 

1  1  l.i 

373 


10.5   Appendix  for  Section  6.2.1.1:  Amount  of  Surface 
Water  Runoff 


i 
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Table  IQ.  5P\t     Sceri3.rio    *f  1 .     Hrea.    1:     ftcreane    oy    land    use    catecories 
for    tne    £0    year    stuav    aerioa. 


YEttR 


OPEN    ^ 
WOTER 


0 

330 

1 

£680 

i=! 

£860 

3 

£680 

4 

£660 

5 

£660 

6 

3000 

7 

3160 

8 

3500 

■3 

^000 

10 

1870 

11 

1870 

!£ 

1670 

13 

1670 

14 

1670 

15 

1670 

Ife 

1870 

17 

1670 

18 

1670 

19 

1670 

£0 

1670 

_ 

PRE-|v!lNING 

PEPIT 

TURBED 

SHRUB 

MINE 

11180 

4000 

330 

8400 

4000 

750 

6990 

4000 

£160 

6900 

3670 

£580 

68£0 

3340 

3000 

6400 

3340 

3410 

5990 

33^0 

3330 

5570 

3340 

3560 

5490 

3340 

3330 

4740 

3000 

3750 

73£0 

£670 

3500 

6990 

£870 

£860 

63£0 

£3'4-0 

3000 

5990 

£340 

£330 

5660 

£000 

£880 

53£0 

1670 

£660 

4660 

1670 

£860 

4660 

1340 

£330 

4660 

670 

3000 

4660 

340 

£330 

4660 

0 

£000 

RECLfilMED 

PBRIC 

FOREST 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

170 

0 

170 

0 

170 

0 

£70 

70 

530 

130 

1470 

370 

£000 

500 

£800 

700 

3060 

770 

5800 

900 

4130 

1030 

4660 

1170 

4660 

1  170 

5460 

1370 

5990 

1500 

iMote:     uPEN    i»JPlTER    iricludes    the    ternoorary    laooon, 
and    an    estimate    of    tne    canal    surface    area. 


Derrnanent     lane 
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Table  IQ.  5Bf 


Scenario  #1,  Orea  £:  Picreage  by 
for  the  £0  year  stuay  period. 


land  use  cateoories 


YEAR 


PRE-MININB         PEAT 
DISTURBED   SHRUB      miNE 


RECLAIMED 
PGRIC      F0RES1 


0 

£140 

4000 

0 

0 

1000 

1 

£050 

3630 

300 

0 

960 

E 

I960 

3660 

600 

0 

9£0 

3 

1870 

3490 

900 

0 

860 

4 

1780 

33£0 

1£00 

0 

840 

5 

1690 

3150 

1500 

0 

800 

& 

1600 

£980 

1800 

0 

760 

7 

1510 

£810 

1800 

300 

7£0 

a 

14£0 

£640 

1800 

600 

680 

9 

1330 

£470 

1800 

7£0 

6£0 

10 

1£49 

£300 

1800 

960 

840 

11 

1150 

£130 

1800 

1£00 

660 

1£ 

1060 

I960 

1800 

1440 

880 

13 

970 

1790 

1800 

1680 

900 

14 

860 

16£0 

1800 

19£0 

9£0 

15 

790 

1450 

1300 

£160 

940 

16 

700 

1£80 

1800 

£400 

960 

17 

610 

1110 

1800 

£640 

980 

18 

5£0 

940 

1800 

£880 

1000 

19 

430 

770 

1800 

31£0 

10£0 

£0 

340 

600 

1800 

3360 

1040 

376 


* 


jrl 


Table  10.  5C; 


Scenario  #cL,     P\reB    1:  Acreage  oy  land  use  categories 
for  the  £13  year  study  period. 


OPEN 

PRE-MINING 

PEfiT 

RECLAIMED 

YEfiR 

WATER 

DISTURBED 

SHRUB 

MINE 

fiGRIC 

FOREST 

13 

300 

1£:300 

17100 

300 

0 

IZI 

1 

5000 

7250 

16250 

1500 

0 

0 

5000 

6600 

15400 

3000 

0 

0 

3 

5000 

5950 

14550 

4500 

0 

0 

A 

5000 

5300 

13700 

6000 

0 

0 

5 

5000 

4650 

1£850 

7500 

0 

0 

6 

6500 

41£0 

11380 

8000 

0 

0 

7 

8000 

3590 

9910 

8500 

0 

0 

8 

8000 

3060 

8440 

9000 

1500 

0 

3 

3000 

7530 

6970 

9500 

2400 

600 

10 

3000 

7000 

5500 

10000 

3600 

900 

11 

3000 

5600 

4400 

10500 

5200 

1300 

12 

3000 

4200 

3300 

11000 

6800 

1700 

13 

3000 

£800 

2200 

11500 

8400 

£100 

14 

3000 

1400 

1100 

12000 

10000 

£500 

15 

3000 

0 

0 

1S500 

11600 

£900 

16 

3000 

0 

0 

10000 

13600 

3400 

17 

3000 

0 

0 

7500 

15600 

3900 

la 

3000 

0 

0 

5000 

17600 

4400 

19 

3000 

0 

0 

£500 

19600 

4900 

£0 

3000 

0 

0 

IZI 

£1600 

5400 
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Table  <Q.  5D?     Scenario    #2,     Area    £:    Picreage    by    land    use    categories 
for    the    £iZi    year    stuay    period. 


OPEN 

PRE-MINING 

PEPlT 

RECLfilMED 

YEftR 

WATER 

DISTURBED 

SHRUB 

MINE 

PIGRIC 

FOREST 

0 

150 

1500 

11700 

0 

0 

1650 

1 

150 

14£5 

11110 

750 

0 

1565 

e 

150 

1350 

10520 

1500 

0 

1480 

3 

150 

1275 

9930 

2250 

0 

1395 

4 

150 

1£00 

9340 

3000 

0 

1310 

5 

150 

1125 

8750 

3750 

0 

1225 

6 

150 

10£5 

7960 

4000 

750 

1115 

7 

150 

925 

7170 

4250 

1500 

1005 

a 

150 

825 

6380 

4500 

1800 

1345 

9 

150 

725 

5590 

4750 

2400 

1385 

10 

150 

625 

4800 

5000 

3000 

1425 

11 

150 

500 

3840 

5220 

3800 

1490 

1£ 

150 

375 

2880 

5440 

4600 

1555 

13 

150 

250 

1920 

5660 

5400 

1620 

14 

150 

125 

960 

5880 

6200 

1685 

15 

0 

0 

0 

6100 

7000 

1750 

16 

0 

0 

0 

4880 

7970 

2000 

17 

0 

0 

0 

3660 

8940 

2250 

18 

0 

0 

0 

£440 

9930 

2480 

ig 

0 

0 

0 

1220 

10900 

2730 

£i2> 

0 

0 

0 

0 

11880 

2970 

378 


^ao  le  J_0,_.5E;_    Scenario    wci:.     H--ea    i:     Hcrea^e    ov     ianc     use    care  cone; 
for-    tne    SiZi    year    stucy    oerioa. 


YEPw 


WATER    DIS~^LRBED   SHRUB 


PEfiT 
MINE 


RECLAIMED 
hGRIC  FORES" 


1? 

I? 

780 

13760 

0 

0 

5460 

.L 

0 

750 

ie9£0 

1100 

0 

5£30 

£■ 

iZ' 

7;E:0 

18080 

££00 

0 

5000 

3 

0 

690 

17£40 

3300 

0 

4770 

4 

0 

660 

15400 

4400 

0 

4540 

5 

i? 

630 

15560 

5500 

0 

4310 

6 

iZi 

580 

14350 

6000 

1100 

3970 

7 

ei 

550 

13140 

6500 

££00 

3630 

8 

0 

4S0 

11930 

7000 

£640 

3950 

9 

iZi 

4  30 

1  07£0 

7500 

35£0 

3830 

ii?': 

0 

360 

9510 

8000 

4^1-00 

3710 

1  1 

0 

300 

7610 

8900 

5680 

3510 

12 

3 

££0 

5710 

9800 

6960 

3310 

T  3' 

171 

140 

3810 

10700 

8£40 

31  10 

;i.  '4 

0 

60 

1910 

1  1600 

95£0 

£910 

•i  ~j 

0 

0 

0 

i£500 

10300 

£700 

.16 

iZ' 

0 

0 

10000 

1£800 

3£00 

■7 

0 

0 

0 

7500 

14800 

3700 

Ifl 

0 

0 

0 

5000 

16800 

4£00 

19- 

0 

0 

0 

£500 

18600 

4700 

£0? 

0 

0 

0 

0 

£0800 

5£00 

379 


[<3,DleJ_0;_5hJ_    Sceriario    tfc:.     fir-ea    4r     iA-j:rBaae    "Z'V     iana    use 
f  o r    the    'd.'i}    V e a t-"    s t  i j. c  v     :j e r-  xoq. 


>  ri  Si 


Vtflrt 


DPE;m  PRE-mlNlMS  P£Pi" 

WflTEft  DI5TUR3ED       5-iF^_B  Iy^INe 


r<ni'. 

(^1  Oi  R I  ^: 


-hI'^IED 
-uRif; 


id 

13iZi 

910 

7  £60 

0 

0 

4660 

1 

131? 

660 

690^'" 

6d0 

0 

4430 

£ 

131Z! 

810 

65£0 

1360 

0 

4160 

%J 

13iZi 

760 

6  140 

£040 

0 

3930 

4 

i30 

710 

5760 

£7£0 

0 

3660 

5 

130 

6j60 

5380 

3400 

0 

3^30 

& 

81IZ1 

610 

4940 

3490 

0 

3150 

7 

lElSiZi 

560 

4500 

3580 

0 

3140 

6 

171210 

510 

4060 

3670 

60 

3000 

9 

£180 

460 

36£0 

3760 

140) 

130 

£850 

.10 

£5£0 

410 

3180 

3850  L 

190 

£710 

.k-  X 

£730 

330 

£550 

4£30  '. 

330; 

££0 

£570 

1  C* 

3070 

£50 

1  380 

46 1 0  ( 

5£0; 

£40 

£430 

■i  7- 

3£80 

170 

1£30 

4990  < 

710' 

330 

££90 

:'.4 

3490 

90 

5S0 

5370(900' 

4£0 

£150 

15 

3700 

0 

0 

5  750', 

1090) 

360 

£080 

.16 

4010 

0 

0 

4600  ( 

1440) 

350 

£600 

17 

43£0 

iZi 

0 

3450  ( 1790.' 

3£0 

3l£0 

le 

4640 

0 

0 

£300  ( 

£140,' 

£60 

3640 

19 

4960 

0 

0 

1  1  50  ( 

£490;' 

£40 

4160 

£iZi 

5£S0 

0 

0 

0  ( 

£860; 

£30 

^630 

NuniDev's     m    oarent  neses    reDreserit 


~ie    r^esiaerit  1  a  i     area; 
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10.6  Appendix  for  Section  6.2.1.2:  Nutrient  Yieilds  and  Surface 
Water  Eutrophication 


Table  10. 6A:  Land  use  acreages  used  in  calculations  for  sections 
6.2.1.2  and  6.2.1.3 


Seen-   Area   Year 
ar  io 
dential 
# 


Naturally-   Crop  land    Pasture   Open    Resi- 
vegetated   &  Actively    Land     Water 

Mined 


0 
10 

20 

15818 

10702 

6054 

0 
3662 

8310 

0 
0 
0 

0 
1454 
1454 

0 
0 
0 

0 
10 
20 

7142 
4420 
2042 

0 

2670 
5010 

0 
30 
90 

0 
0 
0 

0 
0 
0 

0 
10 
20 

30000 

23640 

4875 

0 

3168 

20943 

0 

285 

1230 

0 
2907 
2952 

0 
0 
0 

0 
10 
20 

15000 

11820 

2460 

0 

3123 
12294 

0 

57 

246 

0 
0 
0 

0 
0 
0 

0 
10 
20 

26000 

21280 

4200 

0 

4525 

20750 

0 

195 

1050 

0 
0 
0 

0 
0 
0 

0 
10 
20 

13000 

10127 

3852 

0 
760 

2300 

0 

53 

214 

0 

1954 
4280 

0 

106 

2354 

Notes  : 

Naturally-vegetated  includes  reforested,  buffers 
Scenario  #3  =  Scenario  #1  at  years  0  and  10 
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Figure  10. 6A: 


Box  plots  of  phosphorus  export  coefficients  from  various 
land  uses  (from  Reckhow,  Beaulac  and  Simpson,  1980) 


X  marks  areal  yields  determined  by  Skaggs  et  al.,  1980 
and  Gregory  et  al. ,  1984,  for  peatland  systems  in  North 
Carolina 
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Figure  10. 6B: 


Box  plots  of  nitrogen  export  coefficients  from  various 
land  uses  (from  Reckhow,  Beaulac  and  Simpson,  1980) 


X  marks  areal.  yields  determined  by  Skaggs  et  al.,  1980 
and  Gregory  et  al. ,  1984,  for  peatland  systems  in 
North  Carolina 
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10.7   Appendix  for  Section  6.2.1.3:  Trace  Element,  Pesticide 
and  Coliform  Bacteria  Yields 


385 


other  pesticides  currently  in  use  in  the  area  (Dr.  J.  W.  Van  Duyn,  personal 
communication),  and  the  crops  on  which  they  are  used,  include  the  following: 

Herbicides 

Corn  and  soybean,  pre- emergent : 

Alachlor  (Lasso)  -  high  organic  soils 

Atrazine  -  used  with  Alachlor  in  low  organic  soils 

Linuron  (no-till  soybeans) 

Soybean,  post- emergent; 
Bentazon  (Basagran) 
Acifluoron  (Blazer) 
Fuselaid 

Corn,  post- emergent: 
2  ,4  D 
Dicaraba 
Ametryn 
Linuron 

Small  grains: 

2,4  D  or  Dicamba  (at  time  of  N- application  @  April) 
Paraquat  (no  till) 
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Insecticides 

Corn  (1  application  at  planting)  of  either: 
Carbof uran 
Chlorpyrifos 
Phorate 
Turbufos 

Soybean,  mainly: 
Phorate 

Late-planted  soybeans  typically  are  treated 
in  August  with  either: 

Carbaryl 
Methomyl 
Fenvalerate 
Permethrin 

Small  grains  (typically  on  0  10%  treated,  mainly  for  army  worms) 
Carbaryl 
Methomyl 
Malathion 
Toxaphene  (being  phased  out) 
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10.8   Appendix  for  Section  6,4:  Air  Quality 
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Air  Quality  Assessment 


Introduction 


The  air  quality  impacts  of  peat  mining  and  utilization  are  impossible 
to  predict  except  on  a  site  specific  basis.  Model  predictions  require 
quantitative  information  on  the  flux  of  emitted  pollutants  from  each 
source,  the  location  of  each  source,  the  location  of  all  sensitive 
receiving  areas  with  respect  to  the  sources,  comprehensive  meteorological 
data  for  the  region  and  an  appropriate  mathematical  dispersion  model.  In 
addition,  the  height  above  ground  at  which  the  pollutants  are  emitted  and 
any  ameliorating  conditions  must  be  factored  into  the  model  calculations. 
The  cost  and  complexity  of  both  data  gathering  and  computation  limit  air 
quality  model  development  to  immediate  cases  of  concern;  long  range, 
cumulative  air  quality  impacts  are  rarely  undertaken  because  of  the 
additional  costs  and  the  uncertainty  that  exists  in  source  location.  To 
date,  an  air  quality  impact  assessment  has  only  been  performed  for  that 
part  of  the  Scenario  1  peat  mining  area  operated  by  Peat  Methanol 
Associates.  Predicted  impacts  of  both  fugitive  dust  emissions  during 
mining  and  pollutant  emissions  from  methanol  conversion  are  reported  in  PSD 
permit  applications  of  PMA  to  the  NC  Division  of  Environmental  Management. 
Because  these  two  source  types  are  assumed  to  be  the  same  that  would  exist 
in  the  scaled  up  peat  mining  development  of  Scenario  2,  this  could  provide 
the  basis  for  development  of  air  quality  impact  models  involving  the 
integrated  impact  of  the  largescale  peat  mining  postulated  in  Scenario  2. 

None  of  the  companies  currently  considering  peat  mining  in  the  region 

has  developed  such  an  integrated  impact  model.   This  is  understandable 

since  they  are  not,  as  individuals,  knowledgeable  about  the  specific  plans 

of  other  companies  and  the  NC  State  permitting  process  deals  with  PSD 

permit  applications  on  an  individual,  sequential  and  incremental  basis 
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rather  than  planning  for  and  partitioning  allowable  pollutant  increments  on 
the  basis  of  anticipated  cumulative  integrated  impacts. 

An  attempt  to  take  an  integrated  view  has  been  made  in  a  study 
conducted  by  the  firm  of  Rogers,  Golden  and  Halpern,  issued  as  CEIP  Report 
No.  14  "Design  of  a  planning  program  to  help  mitigate  energy  facility  air 
quality  impacts  in  the  Washington  County,  North  Carolina,  area."  This 
report  has  been  criticized  for  the  additive  scaleup  assumptions  used  in 
extrapolating  impacts  resulting  from  peat  mining  and  conversion  on  15,000 
acres  of  land  to  those  resulting  from  development  eight  times  as  large. 
Additional  criticism  has  been  directed  at  the  failure  to  consider  options 
for  amelioration  of  impact  that  are  possible  through  pollutant  source 
spacing  options  and  pollution  control  technologies.  .  , 
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Air  quality  standards 

Relevant  air  quality  standards  have  been  discussed  recently  in  CEIP 
Report  No.  14  which  specifically  focused  on  peat  mining  impacts  in  the 
Pamlico /Albemarle  sound  area.  State  and  Federal  regulations  set  upper 
limits  on  permissible  concentrations  of  specific  pollutants  as  both  annual 
averages  and  short-term  maximum  permissible  concentrations.  The  regulated 
pollutants  are  carbon  monoxide  (Co),  hydrocarbons,  nitrogen  dioxide  (NO  ) , 
sulfur  dioxide  (SO  ) ,  lead,  photochemical  oxidants  (ozone)  and 
particulates.  Table  1  lists  the  primary  and  secondary  standards.  Primary 
standards  are  intended  to  protect  public  health;  secondary  standards  are 
intended  to  protect  public  welfare.  The  standards  differ  among  different 
class  areas,  two  of  which  exist  in  the  peat  mining  area.  Class  II  areas 
are  those  thought  to  tolerate  some  degradation  of  air  quality  that 
accompanies  normal,  well-managed  growth.  Class  I  areas  are  more  sensitive 
and  cannot  tolerate  further  air  quality  deterioration.  .  These  are  often 
park  and  wilderness  areas.  The  Swanquarter  National  Wildlife  Refuge  in 
Hyde  County  is  such  a  Class  I  area  in  the  peat  mining  region  and  it 
requires  special  consideration  in  assessing  air  quality  impacts.  All  other 
areas  are  Class  II. 

In  addition,  regulations  designed  to  "prevent  significant 
deterioration"  (PSD)  are  intended  to  limit  increases  above  existing 
baselines  in  concentrations  of  two  pollutants  SO  and  total  suspended 
particulates.  These  are  listed  in  Table  2.  These  are  intended  to  provide 
protection  to  areas  with  air  that  is  currently  cleaner  than  the  ambient  air 
quality  standards  by  limiting  additional  increments  of  pollutants. 
Particulates  from  fu^^itive  emissions  during  peat  mining  are  exempt  from  PSD 
increment  limitations. 
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Table  10. 8A:  National  Ambient  Air  Quality  Standards 

Finally  it  is  required  that  visibility  (which  is  primarily  a  function 
of  particulate  concentrations)  should  not  be  reduced  in  Class  I  areas. 


Pollutant 


Primary     Secondary 
pg/m   (ppm)   ug/m   (ppm) 


CO 

80  hr  Max 

10,000  (9) 

same 

1-hr  Max 

40,000  (35) 

same 

Hydrocarbons 

3-hr  Max 

•  160 

(0.24) 

same 

(6-9  a.m.) 

— 

NO2 

Annual  Arithmethic  Mean 

100 

(0.5) 

same 

24-hr  Max 

250 

(1.25) 

Photochemical  Oxidants  (ozone) 

1-hr  Max 

235 

(0.12) 

same 

Particulates 

Annual  Geometric  Mean 

75 

60 

24-hr  Max 

150 

150 

SO2 

Annual  Arithmetic  Mean 

80 

(0.03) 

~ 

24-hr  Max 

365 

(0.14) 

— 

3-hr  Max 

— 

1300  (0.5) 

Lead 

3 -mo  Max 


1.5 


same 
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Table  10.8B:  Maximum  Allowable  increases  under 
prevention  of  significant 
deterioration  (PSD)  regulations 


Pollutant  Micrograms  per 

cubic  meter 


CLASS  I 

Particulate  Matter 

Annual  Geometric  Mean  5 

24-hr  Maximum  10 

Sulfur  Dioxide 

Annual  Arithmetic  Mean           2 

24-hr  Maximum  5 

3-hr  Maximum  25 

CLASS  II 

Particulate  Matter 


Annual  Arithmetic  Mean 

19 

24-hr  Maximum 

37 

Sulfur  Dioxide 

Annual  Arithmetic  Mean 

20 

24-hr  Maximum 

91 

3-hr  Maximum 

512 
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Uncertainties  in  Estimates  of  Fugitive  Dust  Emissions 

There  are  large  uncertainties  that  must  be 
associated  with  these  estimates.  In  part  this  results  from  the  empirical 
nature  of  the  source  emission  models.  Most  of  these  were  derived  from  coal 
storage  models  which  may  not  be  appropriate  to  peat.  In  particular,  dried 
peat  will  likely  have  a  much  lower  bulk,  density  than  coal  and  thus  be  more 
easily  resuspended  by  wind  and  held  in  suspension  more  easily. 

In  addition,  although  some  conservative  assumptions  have  been  included 
in  the  PMA  analysis  there  are  several  assumptions  that  tend  to  minimize 
estimates  of  fugitive  dust  emissions.   First,  it  is  assumed  that  the  fields 
will  be  tilled  16  times  each  year  in  order  to  remove  16  inches  of  peat  for 
drying  at  one  inch  increments.   However,  PMA' s  Draft  Environmental  and 
Occupational  Health  Monitoring  Plan  Outline  states  that  the  milled  peat 
harvesting  process  removed  only  as  much  as  7%  of  the  peat  moisture  with 
each  turn  to  a  depth  of  A  inches.   To  reduce  moisture  from  81%  to  A0%  would 
require  a  minimum  of  about  6  turns  or  24  per  year  to  mine  16  inches  depth. 
There  will  be  a  separate  milling  process  associated  with  each  turning  which 
could  resuspend  additional  peat. 

Second,  fugitive  dust  emissions  are  assumed  to  occur  only  during 
tilling  (i.e.  turning).  However  milled,  dried  peat  will  lie  on  the  surface 
in  what  is  described  as  a  "thin  fluffed  layer"  that  should  be  easy  to 
resuspend  by  wind  erosion.  This  may  be  as  important  a  source  of  fugitive 
dust  emissions  as  tilling. 

Third,  field  storage  piles  (1  mile  by  70  feet  by  10  feet  high)  are 
assumed  to  behave  as  coal  storage  piles  in  terms  of  dust  emissions.  As 
mentioned  earlier  this  may  not  be  the  case.  Also,  a  seeming  impossibility 
exists  in  the  emission  model  equation  used  by  PMA.   Wind  erosion  from 
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storage  piles  is  calculated  to  be  proportional  to  the  average  peat  pile 
turnover  in  days  (33  days  in  PMA's  case).  If  the  piles  are  never  turned 
over  (i.e.  utilized)  the  turnover  time  is  infinite  and  the  emission  rate 
is,  therefore,  also  infinite.  This  cannot  be  true.  In  addition  model 
calculations  made  by  PMA  assume  an  80%  reduction  in  emissions  due  to  wind 
speed  control  using  screens.  There  is  no  adequate  justification  for  the 
choice  of  this  reduction  factor.  Such  screens  would  need  to  be  taller  than 
the  10  foot  height  of  the  piles  to  be  effective  and  would  probably  need  to 
be  on  both  longitudinal  sides  of  the  storage  pile  to  be  effective.  If  wind 
screens  are  not  used  or  are  not  as  effective  as  assumed  above,  dust 
emissions  from  storage  piles  would  be  substantially  increased. 

Last,  the  dust  emissions  resulting  from  truck,  traffic  will  vary  with 
the  average  round  trip  distance  travelled  along  unsurfaced  roads  between 
field  storage  piles  and  plant  storage.  PMA  has  used  an  average  round  trip 
distance  of  about  3  miles  to  calculate  inputs  for  subsequent  dispersion 

modeling.  However,  the  choice  of  initial  and  worst  case  harvesting 
locations  are  all  clustered  around  the  methanol  plant  peat  storage  sites. 
If  the  whole  15,000  acre  PMA  site  and  other  sites  of  Scenarios  1  and  2  are 
to  be  considered,  round  trip  transport  to  either  a  methanol  processing 
facility  or  transshipment  points  for  offsite  use  will  certainly  be  greater 
with  consequently  greater  fugitive  dust  emissions. 

It  is  worth  noting  that  CEIP  Report  14  cites  a  paper  by  Ertugrul  and 
Sober  (1979)  that  fugitive  dust  emissions  during  peat  harvesting  could  be 
as  high  as  10  percent  of  the  total  peat  harvested.  This  is  equivalent  to 
96,000  tons  per  year  based  on  the  1900  acre/yr  mined  under  the  assumptions 
of  PMA  in  Table  q,4^^  Although  this  seems  unrealistically  high  and  the 
assumptions  leading  to  the  10%  figure  are  not  immediately  available,  it 
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points  to  the  same  two  conclusions  previously  reached:   First, there  are 
serious  uncertainties  in  our  estimates  and  our  ability  to  estimate  fugitive 
dust  emissions  during  peat  harvesting  and  second,  existing  estimates  by  PMA      i 
may  be  too  low.   There  is  an  obvious  need  to  refine  these  estimates  if  the 
emission  inputs  used  in  air  quality  dispersion  models  are  to  be  of  any  use. 


Critical  receptors 

Two  critical  receptor  types  exist  in  regard  to  air  quality  impacts. 
First  is  the  off site  boundary  of  the  peat  mining  and  processing  facility, 
where  air  quality  deterioration  would  first  impact  the  general  public. 
There  are  an  infinite  number  of  possible  receptor  points  along  the 
peripheral  boundary  of  any  peat  mining  operation.  As  harvesting  operations 
shift  throughout  any  permitted  mining  area,  different  points  along  the 
periphery  become  the  most  sensitive  receptors.  This  complicates  most 
modeling  efforts.  Worst  case  analyses  can  probably  set  upper  limits  on 
impacts. 

Second  is  the  Class  I  area  of  the  Swanquarter  National  Wildlife 
Refuge,  which  is  a  more  sensitive  receptor.  Given  the  distance  from  the 
PMA  (~27  km)  ^ and  most  other  proposed  mining  areas  it  could  probably  be 
modeled  as  a  single  point  receptor  for  each  proposed  mining  area  which 
could,  in  turn,  be  approximated  as  individual  point  sources.  An  exception 
might  be  Area  II  of  our  Scenarios  which  lies  nearest  to  Swanquarter  NWR  and 
which  lies  approximately  NNW  of  Swanquarter,  the  direction  from  which  the 
dominant  wind  blows  during  the  September  to  November  season.  More  detailed 
modeling  of  this  source/receptor  pair  might  be  necessitated  as  a  result. 
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In  addition  the  Mattamuskeet  and  Pungo  Lake  National  Wildlife  Refuges, 
although  not  Class  1  Areas,  should  perhaps  be  considered  special  receptors. 
The  impact  of  peat  derived  j>articulates  on  visibility  at ■ Pettigrew  State 
Park  (Phelps  Lake)  should  also  be  considered  for  special  treatment. 
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Monitoring  Requirements 

CEIP  Report  No.  14  has  considered  extensively  the  needs  and  purposes 
of  air  quality  monitoring  in  relation  to  peat  mining  and  use  in  the  area. 
Their  evaluation  and  generally  sensible  recommendations  will  be  quoted 
verbatim  in  what   follows. 

Need  for  Monitoring 

Air  quality  monitoring  is  an  essential  component  of  an  air  quality 
maintenance/air  pollution  control  program.  Monitoring  provides  the  information 
needed  to  judge  compliance  with  air  quality  standards  and  chart  trends  or  ^ 
changes  in  air  quality.  In  order  for  an  air  quality  monitoring  network  to  provide 
the  required  data,  the  design  of  the  network  must  take  into  consideration  factors 
such  as  existing  pollution  levels,  meteorology,  topography,  population,  and  source 
distribution. 

I' 
The   purpose   of   this   chapter    is    to   present   several  basic  concepts   and 

requirements  to  be  considered  in  upgrading  the  existing  monitoring  system  to 
track  more  closely  the  air  quality  impacts  of  peat  mining  and  various  end  uses  in 
eastern  North  Carolina.  Suggestions  on  the  future  placement  of  air  quality  . 
monitors  will  be  offered.  These  monitors  will  augment  the  existing  State 
network  to  keep  closer  surveillance  on  emissions  from  peat  mining,  transpor- 
tation, and  combustion,  as  well  as  conversion  to  peat  methanol.  In  addition  to 
regional  surveillance,  the  use  of  specially  designed  intensive  monitoring  pro- 
grams will  be  suggested  to  improve  knowledge  of  particulate  emissions  charac- 
teristic  of  various  peat  mining,  transportation,  handling  and  storage  activities. 

Operation  of  the  State  monitoring  network  is  the  responsibility  of  the 
Division  of  Environmental  Management  (DEM).  The  Division  operates  twelve 
monitors  that  sample  the  air  continuously  as  well  as  seventy-two  manual 
monitors  that  sample  the  air  for  a  2^-hour  period  once  every  six  days.  In  the 
vicinity  of  the  study  area,  there  are  only  three  DEM  air  quality  monitoring 
stations:  Plymouth  (SO^?  NO-  and  particulates);  Washington  (particulates);  and 
Elizabeth  City  (particulates)." 

The  existing  State  network  is  clearly  inadequate  to  document  air 
quality  and  trends  in  the  study  region,  yet  the  air  quality  impacts  of  peat  mining 
must  be  monitored  in  order  to  protect  the  area's  natural  resources  andjo  ensure 
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.-       .  A  new  monitoring 

system  must  be  designed  to  complement  the  existing  system.  Effective  resource 
management  and  the  design  of  an  effective  monitoring  system  require  a 
knowledge  of  the  overall  physical  and  ecological  systems  in  the  region  where 
peat  mining  is  now  or  will  be  occurring.  Planners  need  to  know  about  the 
components  of  the  natural  system,  their  natural  variability,  and  vulnerability  to 
disruptions  caused  by  peat  mining  and  reclamation,  and  the  critical  threshold 
levels  beyond  which  a  problem  is  created.  Knowledge  of  all  these  elements  is 
difficult  to  obtain,  as  the  area  in  which  peat  mining  is  ongoing  or  contemplated 
iS  an  isolated  one,  about  which  little  has  been  documented. 

Any  new  monitoring  system  to  be  constructed  must  serve  the  following 
purposes,  at  a  minimum: 

o  Record  compliance  of  peat  mining  and  development  activities  with 
existing  environmental  standards; 

o  Provide  information  for  general  protection  of  the  Class  I  area 
(Swanquarter  Wildlife  Refuge),  as  well  as  the  sensitive  areas  of  Lake 
Phelps  and  Pungo  Lake; 

%• 

•       o         Provide  information  to  determine  the  need  for  changes  in  environ- 
mental standards,  permit  conditions,  or  mitigation  design;  and 

o  Provide  information  to  more  accurately  quantify  emissions  from 
peat-relaxed  activities  to  make  possible  more  accurate  prediction  of 
the  effects  of  future  deveiooment. 


Monitoring  of  Regional  Background  and  Trends 

Good  definition  of  regional  air  quality  will  require  installation  of  at  leas* 
two  air  quality  monitoring  stations^. 
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One  station  should  be  located  within  the  boundaries  of  the  Class  I  area  and  ■ 
the  other  should  be  located  just  downwind  (to  the  east  or  northeast)  of  the  active 
and  proposed  mining  areas  between  Pungo  Lake  and  Lake  Phelps.  The  purpose  of 
the  Swanquarter  monitor  would  be  to  determine  current  ambient  air  quality. 
Since  the  Swanquarter  National  Wildlife  Refuge  has  been  designated  by  the 
Federal  government  as  a  Class  I  area,  the  level  of  ambient  particulates  cannot 
be  increased  more  than  5  micrograms  per  cubic  meter  as  an  annual  geometric 
mean  or  10  micrograms  per  cubic  meter  as  a  2^-hour  average  over  the  baseline. 
Similar,  highly  restrictive  limitations  apply  to  SO_;  ...    There 

has  not  been  any  air  quality  monitoring  within  the  Refuge,  so  accurate 
determination  of  the  "baseline  level"  of  ambient  particulates  or  any  of  the  other 
criteria  pollutants  is  impossible.  If  the  air  quality  of  the  Refuge  is  to  be 
protected  in  the  face  of  projected  regional  development,  sampling  must  be 
initiated  to  establish  the  baseline  air  quality.  However,  such  a  monitor  would 
not  likely  be  capable  of  providing  increment  tracking  information  or  dispersion 
modeling  for  increment  consumption  in  that  monitors  are  unable  to  differentiate 
between  impacts  from  those  sources  consuming  increment  and  variations  in 
impacts  from  existing  baseline  sources. 

The  overall  purpose  of  the  second  monitoring  station  is  to  quantify  air 
quality  in  the  heart  of  the  region  near  Lake  Phelps  and  Pungo  Lake. 

LAKE  PHELPS  is  a  sensitive  area  that  may  be  adversely  affected  by  peat 
operations.  Lake  Phelps  borders  the  area  where  First  Colony  Farms  and  others 
are  now  or  will  soon  be  mining  peat. 
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The  sensitivity  of  this  area  tends  to  support  the  location  of  a  monitoring  station 
near  Lake  Phelps,  at  a  location  downwind  from  peat  mining  operations. 

PUNGO  LAKE,  a  12,350-acre  National  Wildlife  Refuge,  is  another  sensitive 
natural  area  within  Washington  County  that  the  County  feels  should  be  preserved 
in  the  future  for  scientific,  ecological,  educational,  and  recreational  purposes. 
The  lake  has  been  designated  as  a  wildlife  refuge  because  of  its  importance  as  a 
wildlife  habitat,  its  representation  of  a  protected  pocosin  ecosystem,  and  its 
illustration  of  geologic  and  geomorphic  processes.  Its  proximity  to  present  and 
proposed  peat  mining  areas  supports  the  placement  of  monitoring  devices  in  the 
vicinity. 

Data  collected  by  this  second  monitoring  station  will  serve  three  useful 
•  purposes.  First,  when  winds  are  blowing  from  the  peat  mining  areas  and  fuel 
conversion  plant  toward  the  monitors,  this  station  will  record  the  general  air 
quality  impact  of  the  aggregate  of  these  activities.  Second,  when  winds  are 
from  other  directions,  this  station  will  be  used  to  determine  the  true  background 
pollutant  levels  for  the  study  region.  These  background  values  may  well  be 
substantially  different  from  the  EPA  values  heretofore  assumed.  The  third  use 
of  data  from  this  station  will  be  to  monitor  the  trends  in  air  quality  caused  by 
expansion  or  an  increase  in  the  number  of  nearby  sources.  !n  this  manner, 
modeling  need  not  be  relied  upon  exclusively  to  keep  track  of  increment. 

In  addition  to  augmentation  of  the  existing  State  network  for  purposes  of 
documenting  overall  regional  air  quality,  implementation  of  special  purpose 
particulate  monitoring  systems  should  also  be  considered.  The  primary  purpose 
of  such  systems  would  be  to  d-termine  fugitive  emissions  and  their  associated 
impacts.    Reliable  fugitive  emissions  factors  simply  do  not  exist  for  many  peat- 
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related  activities.  Studies  should  be  designed  to  determine  emission  factors  as 
functions  of  wind  speed,  moisture  (precipitation,  evaporation,  and  relative 
humidity),  and  activity  (vehicles  per  day  or  tons  of  material  handled)  for  the 
following: 

o  .      Peat  mining, 

o         Peat  transportation,  and 

o         Peat  handling  and  storage. 

The  emission  factors  developed  for  these  activities  must  include  mass  emission 
by  particle  size  to  be  successfully  used  in  dispersion  modeling 


Since  the  operation  of  monitoring  programs  entails  some  considerable 
expense,  the  responsibility  for  their  implementation  and  maintenance  should  be 
shared  by  the  applicants  for  peat  mining  and  other  peat-related  licenses.  The 
Department  of  Environmental  Management  anticipates  that  a  monitoring 
network  will  eventually  need  to  be  established,  and  that  a  significant  portion  of 
the  monitoring  will  likely  have  to  be  performed  by  the  mining  operators.  The 
Division's  approach  to  monitoring  peat  mining  impacts  is  to  allow  Limited  initial 
mining  to  proceed  while  affording  the  opportunity  to  evaluate  the  mining 
impacts.  From  these  evaluations,  operational  conditions  and  monitoring 
requirements  can  be  applied  to  future  permits  or  renewals.  Currently,  Air 
Quality  Permits  issued  to  peat  mining  operations  are  only  issued  for  one  year. 

Compliance  monitoring  can  also  be  required  under  the  State's  Mining  Act 
of  1971.  Although  the  phrases  "unduly  adverse"  and  "significantly  adverse"  are 
used  in  the  Mining  Act  in  reference  to  effects  on  wildlife,  fisheries,  and 
publicly-owned  parks,  forests,  and  recreation  areas,  there  are  no  concrete 
standards  attached  to  these  phrases.  Revision  of  the  Mining  Act  may  be  needed 
to  quantify  these  standards,  thus  allowing  lack  of  monitoring  to  be  cited  as  a 
reason  for  denying  mining  permits. 

For  the  purpose  of  studying  PSD  increment  consumption  by  sources  that 
could  potentially  locate  in  the  region,  it  will  be  necessary  to  determine  the 
amount  of  increment  remaining  at  various  receptor  locations  in  both  the  Class  I 
and  Class  II  portions  of  the  study  region.  This  will  require  compilation  of  a 
special  source  data  base  (inventory)  of  emission  changes  both  inside  the  region 
and  at  sources  outside  the  region  but  having  a  significant  effect  upon  the  region. 
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Model  Validation/Calibration  i 

Accuracy  of  dispersion  model  predictions  is  generally  considered  to  be 
within  a  factor  or  two  of  the  actual  concentration.  Modeling  accuracy  lessens  as 
source-receptor  distance  increases  or  as  influence  of  topographical  features  that 
violate  model  assumptions  (such  as  nearby  significant  bodies  of  water)  become 
important.  Both  of  these  problems  leading  to  accuracy  degradation  are  present 
when  ISC  is  used  for  predictions  in  the  Class  I  area.  The  most  restrictive  Class  I 
SO-  PSD  increment  is  less  than  2  percent  of  the  corresponding  NAAQS.  This 
almost  Infinitesimaliy  small  concentration  increment  is  extremely  difficult  to 
predict  accurately.  It  is  almost  beyond  the  current  state  of  the  art.  In  addition 
to  the  factor  of  two  uncertainty  generated  simply  by  modeling  theory  and 
assumptions,  other  sources  of  possible  inaccuracy  are  present.  A  modeling 
analysis  can  be  no  more  accurate  than  the  input  source  emissions  data.  Sources 
not  included  in  the  inventory  that  are  actually  present,  sources  that  are  included 
but  are  actually  defunct,  and  errors  in  emissions  or  stack  data  may  seriously 
degrade  the  modeling. 

For  all  the  above  reasons,  a  validation  of  modeling  results  for  the  Class  I 
area  is  considered  an  absolute  necessity.  A  validation  program  using  quality 
assured  monitored  data  and  emission  information  from  the  sources  now  affecting 
the  Class  I  area  should  be  developed.  Calibration  of  ISC  for. the  study  region 
may  be  possible  if  the  validation  results  are  disappointing.' 
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10.9   Appendix  for  Section  6.7:  Local  Economics  and  Employment 
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SOCIO-ECONOMIC  IMPACT  ANALYSIS 

Large-scale  developments  have  the  potential   to  greatly   affect  a   region's 
people,    communities   and   governmental    institutions.     For  developments   that   are 
resource  based,   and  for  developments  that  occur  in  sparsely  populated  agricul- 
tural  areas,  the  potential   for  important  impacts   is  especially   great.     Peat 
mining  in  North  Carolina  possesses   both  these  attributes.     The  socioeconomic 
analysis   in  this   report   is  designed  to:      (1)   establish  a  general   framework 
for  analysis  of  the  social    and  economic  impacts   of  peat  mining  in  North  Carolin 
and   (2)   estimate  those  impacts  to  the  extent  possible  given  the  time  constraints 
placed  on  this  study   and  the  general    lack   of  available  data  necessary  for  a  full 
understanding  of  peat  mining  impacts.     This  Appendix  expands  somewhat  on  the 
procedures  in  the  basic  report   but  does   not  present  again  those   results  pro- 
vided  in  Section   5.8, 

It   is  useful   to  separate  economic  impacts   into  two   components:      (1)   private 
sector  impacts   and   (2)   public  sector  impacts. 

Private  Sector  Impacts 

Through   production   of   output  that   is   demanded   locally   and/or  nationally, 
peat  mining  will    create  jobs   and  provide   income  through   salaries   paid  to 
workers   and  through   increased  demand  for  materials   from  input   and  service 
supplying   businesses.     These  are   often   called  the  direct   effects   of  an  expan- 
sion  of   an   industrial    sector. 

In   addition,    these  direct   effects    lead  to  additional    income-generating 
effects:      (1)   through  wage   earners   spending   of  money    received  from  their 
employment   at  the  new   or  expanded  industry   and    (2)   through   direct  suppliers 
purchasing  additional    materials   and  hiring   labor  in   order  to  provide  the 
inputs   and  materials  to  the  peat   mining   industry.     These   are   often   called 
indirect   effects.     More   specifically,   the  trickle-down   cumulative   impact   of 

wage  earners   spending  their  money   is   often   called  the   consumer  indirect 
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effect,  while  the  trickle-down  cumulative  impact  of  purchases  of  inputs  is 
called  a  producer  indirect  effect.   In  cases  where  wage  earners  spend  a  large 
proportion  of  their  earnings  locally,  and  where  input  purchases  are  made 
locally  rather  than  from  producers  located  great  distances  from  the  site  of 
the  new  industry,  the  indirect  income  and  employment  impacts  can  be  substantial. 
It  is  important  to  understand  that  the  economic  impacts  of  peat  mining  on  the 
private  sector  is  not  limited  to  their  payments  of  wages  to  employees  nor  to 
purchases  of  supplies  to  construct  and  operate  the  peat  mining  facility 

Direct  employment  and  income  effects  are  normally  estimated  from  studies 
relating  the  value  of  the  output  of  the  new  industry  to  its  projected  employ- 
ment and  wages  paid,  and  to  projected  expenditures  for  construction  or  opera- 
ting materials.   Indirect  employment  and  income  effects  are  typically  estimated 
using  input-output  models  that  provide  output  employment  and  income  multipliers 
by  which  peat  mining  output  levels  can  be  multiplied  to  obtain  the  desired 
"trickle-down"  consumer  and  producer  indirect  effects.  Alternative  output 
levels  can  be  developed  from  phasing  of  plant  capacity  schedules  or  plans 
and  scenarios  of  multiple  industry  possibilities. 

Public  Sector  Impacts 

Economic  growth  and  development  affects  the  fiscal  affairs  of  local 
government  by  providing  revenue  and  by  causing  government  to  incur  additional 
expenses.  On  the  revenue  side,  the  process  of  constructing  and  operating  the 
peat  mining  facility  will  provide  revenues  for  the  operation  of  state  and 
local  government.  Currently  included  in  North  Carolina  are,  for  example, 
business  and  personal  property  tax,  sales  tax,  utility  franchise  tax,  intangible 
personal  property  tax,  motor  fuel  tax,  corporate  and  personal  income  taxes, 
unemployment  taxes  and  inventory  taxes.  Some  of  these  taxes  go  to  the  state 
and  others  are  paid  to  counties  and  cities.  The  amount  of  these  funds  avail- 
able locally  depends  upon  how  taxes  are  administered  locally  and  upon  how  the 
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state  shares  with  local  government  the  taxes  it  collects.  An  additional  factor 
is  whether  a  severance  charge  is  assessed  and,  if  so,  how  it  is  distributed. 
In  addition,  new  residents  in  the  area  will  be  assessed  sales  taxes  on  pur- 
chases and  property  taxes  on  homes  and  personal  property.  Taken  in  sum,  this 
revenue  is  available  to  pay  or  help  pay  for  the  public  service  and  facilities 
costs  local  government  incurs  as  a  result  of  the  development  of  the  peat  mining 
industry  and  the  new  residents  it  attracts. 

The  fiscal  cost  impacts  of  growth  and  development  upon  the  public  sector 
are  understood  or  acknowledged  to  a  lesser  degree  than  are  the  private  sector 
income  and  employment  impacts,  because  of  the  less  obvious  (on  the  surface) 
tie  between  the  arrival  of  new  workers  and  families  and  the  demand  for  public 
services  and  facilities  they  create.  However,  these  costs  and  benefits  are 
just  as  real  and  must  be  estimated  to  fully  understand  the  total  impact  of  the 
peat  mining  industry  on  coastal  North  Carolina  residents. 

Public  service  and  facilities  costs  depend  largely  upon  the  influx  of  new 
residents  (workers  and  families)  resulting  from  the  construction  and  operation 
of  the  peat  mining  facility.  This,  in  turn,  depends  upon  the  level  of  direct 
and  indirect  employment  generated  by  the  facility,  the  level  of  unemployment 
and  skills  available  within  the  area,  the  labor  force  participation  rate,  the 
extent  to  which  workers  currently  employed  and  living  elsewhere  commute  to  the 
peat  mining  facility  rather  than  relocate  their  residence,  and  family  composi- 
tion of  the  new  residents  (size  of  family,  number  of  children,  whether  both 
spouses  work,  etc.).  Community  service  impact  models  can  be  constructed  at 
various  levels  of  detail  to  estimate  these  impacts. 

In  the  public  sector,  the  issue  is  not  whether  the  peat  mining  facility 
provides  revenue  to  or  generates  costs  for  local  government.   It  is  clear  that 
both  costs  and  revenues  will  be  generated.  Rather,  the  issue  concerns  the  net 

balance,  that  is,  whether  or  not  the  public  costs  generated  by  the  peat  mining 
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activity   are   offset   by    revenues   generated.      Both   short-run   and   long-run  time 
frames  must   be  analyzed.      Further,    it   is   essential   to  know  the  cumulative 
effects   of  the  development   since  multiple  developments  may   occur  in  which   case 
the   impact   of   the  sum  of   all    activities   may   exceed  the  sum  of   the   individual 
parts. 
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.     .  Long-run   Impacts-^ 

Long-run   impacts   are  those  that  have   occurred  after  the  economy   has   had  a 
chance  to  fully   adjust   to  the   new   activity   and  which   are  expected  to  be   long 
lasting.     Two  types   of   impacts   are   considered:      economic  impacts   and  fiscal 
impacts. 
Economic  Impacts  ■ 

Stimulation   of  the  economies   of  Tyrrell,   Hyde,   Washington  and  surround- 
ing counties   is  assumed  to  occur  because  of   rising  demand  for  the  final    products 
of  the  peat  mining   industry.      Increased  demand   for  these  exportable   goods   leads 
to  direct   and  indirect   employment   and   income   increases    in  those  counties   and, 
perhaps,    in   other  counties   as  well.^ 

The  estimates   presented   in  Section   5.8   are   based  upon   a   number   of  assump- 
tions  and  upon   data  that   may   or  may   not    reflect  what   might    result   in   reality   if 
the  plant  were  to  be  constructed.     Although  this   is  the  nature   of  any   study   of 
such   a  type   because  of  the  highly   speculative  and  uncertain  nature  of  key  pieces 
of  data,    the   roughness   of  the  estimates  should  not   be  underestimated.     Many   of 
PMA's   assumed   coefficient    levels  were  used  for  the  direct   plus    indirect   impact 
without   verification.      Also,    the   1.55   income   multiplier  derived   in   a   coal    mining 
study    but  used  here  may   not   be  accurate  for  peat   mining.      Without   the   benefit   of 
time  for  an   in-depth   study   and  analysis,    these  assumptions   are  the   best   available. 
Nevertheless,    it   can   be   said  that   the  PMA  study    ignores   the   indirect   effect   of 
constructing  the  peat   mining   facility   and,   thus,    underestimates   the   long-run 
employment,    population   and   income  effects   of  the  facility. 


^This    report   has   benefited   greatly   from  the  work    of  Stinson,    et_  aj_.    [1982], 

^Although   the   foris   of  the  scenarios    is   upon  Tyrrell,    Hyde   and  Washington 
Counties,   the  economic  impact  will    extend  far  beyond  those   counties.      PMA 
assumes  workers  will    commute  1   hour   15  minutes   to  work   on  the  project,    thus 
affecting   12   counties.     The  PMA  Socioeconomic  Analysis  uses   a  study   area  of   10 
counties   and,    since  this   section   is   heavily   dependent  upon  their  data,   the 
same   is  used  here. 
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It   might  also  be  worthwhile  to  note  that   the  information   available  in  the 
PMA  study   does   not   lend   itself  to  providing  the  type  of   income  estimate  normally 
derived  from  an   input-output  model.     That   is,   the   income  estimate  from  PMA   is 
the   retail    sales   volume   generated  by  the  spending  of   new  workers   and  their 
families,   whereas   an   input-output  model   uses   the   value  of   output   from  the  new 
industry.      In  the   latter  case,    changes   in  output   level    (assumed  to  be   generated 
by   increased  demand  for  its   products)   works   through  the  sectoral    interdepend- 
encies   in  the  model   to  provide  estimates   of   changes   in  total    area   income 
including  indirect   employment   and   income  from  the   industries   providing  services 
and  supplies  to  the  mining  activity. 
Fiscal    Impacts 

Net   revenues   going  to  local    governments   as   a   result   of 
peat  mining  may  exceed  the  costs   of   services   and  facilities   demanded  by   new 
residents.     On  the  other  hand,   three  types   of  developmental    problems   might   con- 
front  local    governments   in  the  impacted  area.     First,    long-run  fiscal    problems 
may   arise  in  cases  where  a   local    government  must  provide  expanded  services   and 
facilities   but   is  unable  to  tax  the  new  facility.     This   is   a  spillover  problem 
where  new   residents   locate  outside  the  political    boundaries   of  the   local    govern- 
ments  that   have  the  power  to  tax  the  facility.       Thus,    costs   of  facilities   and 
services  to  meet   demands   of   residents   are  incurred  without   receipt   of   offsetting 
tax  revenue.     Second,   even  if   long-run   benefits  were  to  exceed  costs,   there  may 
arise  front-end  or  short-run  fiscal   problems  where   revenues   generated   lag  cost 
incidence.     For  example,    local    government   may   need  to  increase  the  school    budget 
immediately  upon  arrival    of  new   residents,   whereas   tax  revenues   generated  by 
those   residents   or  from  the  peat  mining  facility   itself  will    be   lagged  1,   2   or 
more  years   beyond  that  time.     A  short-run   cash  flow  problem  will   thus   arise. 
Third,   the  cumulative  impacts   of  peat  mining  must   be  studied.     To  some  extent, 

the  scenarios  address   different   levels   of  development  and,   thus,    go  beyond 
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estimation   of  the  impacts  of  a  small-scale  test  facility.     However,    if   develop- 
ments  beyond  current  expectations  were  to  be  attracted,    impacts  will    likely 
increase  geometrically    rather  than  arithmetically.     For  example,    fiscal    costs 
could  increase  geometrically   as  excess   capacity   in  the  school    systems   is  exhausted, 
as   full   employment   is   reached,    or  as   the   road  system  becomes   overloaded.     Many 
of  these  costs   may   not  arise  with  a  small    facility.     The   report   of  the  Peat 
Mining  Task  Force   [1983]    indicates  that   success   initially   could   lead  to  a 
three-  to  eight-fold  expansion   of  plant   capacity.      If  such   is   a  possibility,   an 
in-depth  study   of  the  cumulative  impacts   is   required. 

Fiscal    impacts  will    vary   by   county  and  city   in  the  10-county   area.     Taxes 
of  several    categories  will    be  contributed  directly  or  indirectly   by  the  peat 
mining  facility:      business  property  taxes;   unemployment  taxes;    intangible 
property  taxes;    inventory  taxes;    corporate  franchise  taxes;    sales   and  use  taxes; 
and  income  taxes   on  wages   and  proprietory   income.     However,   the  distribution   of 
these   local   and  state   revenues  to  individuals   and  counties  will    vary   greatly. 
For  example,   Washington  County  will    receive  the  bulk   of  the  property  taxes, 
estimated  by  PMA  to  be  $900,000  per  year.     Municipalities   and   other  counties 
may   receive   little.     Many   of  the  tax  categories   are  paid  directly   to  the  state. 
How  and  to  what   extent  they  are  distributed  to  impacted  counties   and  municipali- 
ties will    partially   determine  whether  the  net   fiscal    impacts   are  positive  or 
negative. 

The  demands   placed  on   various    local    governments   by   new   residents  will    vary 
in   similar  fashion.      It    is   estimated   by   PMA  that  Chowan   and  Washington  Counties 
will    receive  most   of  the  influx  of   new   residents.      Yet,   Washington  County  will 
likely    receive  the   largest   share   of   revenue  generated   by  the   facility.     Chowan 
County,    and  particule, ly   the  City   of  Edenton  where  many   new   residents  will 
probably    reside,   will    receive  much   less.     Other  examples   could  probably   be 
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identified  with  further  study.  Thus,  while  a  major  issue  is  simply  whether 
long-term  benefits  of  peat  mining  exceeds  its  costs,  the  distribution  of  those 
costs  and  benefits  is  of  equal  importance  to  the  citizens  of  the  cities  and 
counties  throughout  the  impacted  area. 

The  PMA  study  generally  cites  an  adequacy  of  public  facilities  and  ser- 
vices available  to  meet  the  demands  of  the  new  residents.  This  con- 
clusion deserves  a  review  for  two  reasons.  First,  the  underestimate  of  total 
erployment  generated  by  the  peat  mining  facility  suggests  that  the  demand 
placed  upon  public  facilities  and  services  is  also  underestimated.  In  some 
cases,  the  excess  capacity  may  be  exhausted  requiring  new  public  investments. 
For  example,  the  increased  number  of  students  may  require  an  additional  school, 
especially  if  the  influx  of  students  is  concentrated  in  only  two  areas,  Washing- 
ton and  Chowan  Counties.  Further,  even  if  facilities  are  adequate,  several  new 
teachers  will  likely  need  to  be  hired,  and  each  new  pupil  will  need  to  be 
supported. 

The  fiscal  impacts  of  peat  mining  require  an  in-depth  analysis  of  the 
amount  and  distribution  of  costs  and  revenues  between  counties  and  cities 
throughout  the  impacted  area.  Unequal  distribution  may  lead  to  increased  taxes 
in  some  areas  while  at  the  same  time  providing  great  surpluses  in  others. 
Cities  especially  may  not  fare  well  fiscally,  because  they  can  be  expected  to  , 
bear  a  large  proportion  of  the  demand  for  new  services  and  facilities,  yet 
receive  little  property  tax  revenue  because  the  mine  will  lie  outside  of  their 
taxing  jurisdiction.  However,  full  understanding  of  the  potential  for  these 
problems  requires  an  in-depth  analysis  of  state  aid  formulas  and  city  and  county 
assessment  policies  and  expenditure  patterns. 
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Short-run   Impacts 

Short-run  impacts   are  more  difficult  to  estimate  than   long-run   impacts, 
because  a  year-by-year  schedule  of   costs   and   benefits  must   be  estimated   rather 
than  selecting  a  single  year  in  the  future  as   is  the  case  for   long-run   impacts. 
However,   the  year-by-year  assessment   is  essential,    because  tax   revenue 
generally   lags   the  demand  for  services   and  facilities,   and  cash  flow  problems 
for  local    government  may    result.     For  a   large-scale  facility   such   as   planned, 
the  short-run  impacts   can   be  significant,    because  the  number  of   construction 
workers   greatly   exceeds   permanent   employment   after  the  plant   becomes   opera- 
tional.    Thus,   the  number  of  employees   peaks   during  the  middle   of  the  construc- 
tion period,   while  tax   revenues   peak   after  the  plant   becomes   operational. 

As  with  the   long-run  economic  impact,    it   is   desirable  to  estimate   both 
direct   and  indirect   employment   and  income  effects   of  facility   construction. 
However,   two  key   differences   in  the  short-run   and   long-run   impacts   are    (1)   the 
short-run   impacts  must   be  calculated  on  a  yearly   basis   and   (2)   the  short-run 
employment  and  income  multipliers   are   less  than  the   long-run  multipliers, 
because   input  supply   and  consumer  service   industries  will    not   develop  due  to 
the  short-term  nature  of  the  demand  for  their  services.      It  would  not  pay  to 
invest   in  service  facility   construction   if  the  number  of  workers  would  be 
greatly    reduced  in  2.5  to  3  years   or   less. 

Data  are  not   readily   available  to  estimate  the  short-run  multipliers 
necessary   for  estimating  service  employment   and   income  to  add  to  the   direct 
impact   of   construction  workers.     However,    the  proportional    underestimate  of 
the  total    economic  effect   is    likely   somewhat   less   than  was   the   case  for  the 
long-run   impact   analysis. 
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Because  of  the   large   number  of  tax  categories   and   because  estimates   of 
direct  plus   indirect  employment   are  unavailable,    it   is    impossible  to  project 
whether  or  not   a  short-run   fiscal    problem  in   certain  areas  may   exist.      However, 
conclusions    reached  by   PMA  that   sufficient  excess   capacity  exists   in  the  area 
to  eliminate  the  need  for   large,    new  expenditures   for  many   public  services 
appear   reasonable   in  most   cases.     However,    operating  budgets   for  some  services 
will    increase  while  capital   expenditures  may   need  to  be  speeded  up  for  others. 
School    budgets  will   need  to  be   larger  even  though   facilities  may   be  adequate. 
Improvement  and  expansion   of  sewer  and  solid  waste  disposal    facilities   may 
require  added  funds   in  some   localities   based  on  data   in  PMA's   study. 

As  with  the   long-run   impact,   the  distribution   of   costs   and   benefits  will 
be  important.     Some  areas  will    experience   revenue  shortfalls,  while  others  will 
experience  surpluses. 

Estimation  of  demands   for  services    requires   an   input-output   or  community 
service  impact  model   to  determine  the  interrelationships   between   industries 
and  areas   and  the  appropriate  multipliers. 

Summary 
In   summary,   the  socioeconomic  impacts   estimated  for  this   study,   while 
they  are  the   best  that   could  be  developed  given  the  time  available,   should  be 
used  with   care.      In   all    cases,   they   should   be   considered  preliminary   estimates 
because   (1)   they   are  based  on  secondary   data   currently   available  for  the  area   or 
(2)   they   are  data  developed  in  studies   of  mining   in   other  areas   of  the  country. 
Nevertheless,    it   has   been   demonstrated  that  peat  mining  will    have  substantial 
social    and  economic  impacts   on  a   large  portion   of   northeastern  North  Carolina, 
especially   because  of  potential    inequalities   in  the  distribution   of   benefits   and 
costs  to  different   local   areas.     Further,   the  framework    required  for  a  more   in- 
depth  analysis,    one  that  would  provide  the  data   needed,    has   been  demonstrated. 
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10.10   Abbreviations  Used  in  the  Report 


Table  10.10A  Abbreviations  used  in  the  report 

ac    ""  acre 

ac-ft  acre-foot 

Ag  silver 

AP  American  Peat  Company 

As  arsenic 

BACT  bacteria 

Be  beryllium 

BMP  Best  Management  Proctice 

BOD  biochemical  oxygen  demand 

BODS  biochemical  oxygen  demand  -  fuve  day 

BTu  British  Thermal  unit 

bu  bushel 

Ca  calcium 

CAMA  North  Carolina  Coastal  Area  Management  Act 

Cd  cadmium 

C.F.R.  Code  of  Federal  Regulations 

cfs  cubic  feet  per  second 

CI  chloride 

cm  centimeter 

CN  cyanate 

Co  cobalt 

CO  carbon  monoxide 

COD  chemical  oxygen  demand 

COS  carbonyl  sulfide 

Cr  chromium 

Cu  copper 

DEM  Division  of  Environmental  Management 

DMF  Division  of  Marine  Fisheries 

DO  dissolved  oxygen 

DS  total  dissolved  solids 

ECU  East  Carolina  University 

Elev.  elevation 

EPA  U.  S.  Environmental  Protection  Agency 

ESE  Environmental  Science  and  Engineering 

evapotr .  evapotranspiration 

Fe  iron 

Fl  fluoride 

3 

ft  cubic  feet 

gal  gallon 

gpd  gallons  per  day 

G,S.  General  Statutes 

ha  hectare 

HEP  Habitat  Evaluation  Procedure 

Hg  mercury 

hr  hour 

HSI  Habitat  Suitability  Index 

HS  hydrogen  sulfide 
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in  inch 

IWW  Intracoastal  Waterway 

kg  kilogram 

Kjeld-N  Kjeldahl  nitrogen  (total  nitrogen) 

1  liter 

LD  lethal  dose  (50%  mortality) 

LQ  Land  Quality  Section,  Division  of  Land 

Resources,  NRCD 

M  cubic  meter 

max  maximum 

Mg  magnesium 

mg  milligram 

mg/1  milligrams  per  liter 

mgd  million  gallons  per  day 

mgt/mgmt  management 

mgy  million  gallons  per  year 

mi  mile 

.2 

mi  square  mile 

ml  mill i 1  iter 

Mn  manganese 

MSL  mean  sea  level 

>«6g  microgram 

N  nitrogen 

Na  sodium 

NC  North  Carolina 

NCSU  North  Carolina  State  University 

Neg  negligible 

NH^  ammonia 

NH .  ammonium 

Ni  nickel 

NNE  north-northeast 

NO./100  ml     number  per  100  milliliters 

NO2  nitrite 

NO,  nitrate 

NPDES  National  Pollutant  Discharge  Elimination  System 

NRCD  North  Carolina  Department  of  Natural  Resources 

and  Community  Development 

NWR  National  Wildlife  Refuge 

Ortho-P  orthophosphate 

P  phosphorus 

Pb  lead 

perm  permanent 

PF  Peat  Fuels,  Inc. 

pH  a  measure  of  acidity 

PMA  Peat  Methanol  Associates 

PNA  primary  nursery  area 

PO.  phosphate 

ppb  parts  per  billion 
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ppm  parts  per  million 

PSD  Prevention  of  Significant  Deterioration 

R  river 

RR  railroad 

Rte  route 

Sat  saturation 

Sb  antimony 

SCN  thiocyanate 

Se  selenium 

S.E.  standard  error 

S0„  sulfur  dioxide 

30.^  sulfate 

SO  sulfur  oxides 

X 

SSE  south-southeast 

SSW  south-southwest 

T  time 

temp  temporary 

TN  total  nitrogen 

tons/yr  tons  per  year 

Tot.  Org.  N    total  organic  nitrogen 

TP  total  phosphorus 

TPY  tons  per  year 

TSS  total  suspended  solids 

UNC  University  of  North  Carolina 

U.S.C.  United  States  Code 

U.S.G.S.  U.  S.  Geological  Survey 

WTF  Whitetail  Farms 

yr  year 

Zn  zinc 
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